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SOME OF THE 
BASIC PRODUCTS 
MANUFACTURED 
BY US 


SACCHARIN 
I'HENACETIN 
ETHYL OI.E\TE 
MENTHOL 
STEARIC ACID 
STEARATES 
OLEIC ACID 

GLYCERYL MONO-STEARATE 

ALSO OTHER PHARMACOPOEIAL, 
TECHNICAL CHEMICALS 
at LABORATORY REAGENTS 
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1973 m JCv^fn 


'Wt5? « ftwtsf‘ 26III 


w f«ni 'wts? « n 5 i^ir«— 

*rcttfi S'-nff « ^wti 

w thtct—»i^fi:5f ^tfrfjrncf 

25 5I«,ni f^tiN->!Tff‘»I ’Ifst 

fl^, Wtl ^tll 
^t^ti ^5 «f» f3|wrsi-C^<rcfi 
flitn I “iftdff fall« 

>jtwti «ft^»ii till 

I art^an ^titi ftut^-criiE 4?- 

f*! H^fijl thtm Cf, ftfw >ltlflf 

n«-n1w NPif nti^ti« lfi <i¥l6 


r^wfc^fl ^U '^sflfn •tficiTft'C't 

^Ttt-liN (fr»itl4l c»ar) r^if‘i«’«fci 
««tt«l ^ffli f<wt^ fftltctsi 1 

^^•51 flftpf's PuiMfiiif ri«cfi 

•itli<‘lHl fiwfca? flfs i«i(- 
Ht‘Jt«K. r»w«: ifl'i-ftii'lCTi ^(«r* cn 
•w:«‘^tr?C'5Ct, itffi npi 4ifct fiwit 
«t?4a1« ’urcitwcaf j^mIst flctl fen*ifi 
¥11 itii oil «i»icf '«t^ « 

-awnif 'ffifta ftl nf<^Cf ^tfli 
^fici ntfi I 11 «: ‘«M « fiwtw’i ffC*it« 

irtcifir^ «f9- 

c<Ji*n ftitci 1 






25 ^t».»l1 ^>ltl flwt=» 

f"fvi 'i -^iBtcH f«fi ^f«iitfii:*isi— 

¥Wsr Jitl I 

>fKf ^ntic-rfl net I Fff 'sf^ ^fiiTl 
¥[N«r>iT«r •ils ffinti w ^ten 
!?i>i ft^»n ^t>itf ¥iM 

¥f5¥ 

cafil* ¥¥ f^«i}ii?i ntisi^ivf IW1 5 :*iNj 
^filil ^l^ I •iffllt^t* 

'lfftc»r¥ ’^w'sar frtl I f¥i 

mmi 5tl c¥, 

'ii»rt«ii 5»?r I 'wt5» « ffsit^’ 

•IIVn C’T'Stfl ¥f^f1 

^Hfl CHIC'S •(tifl I nffl^Wi ¥f¥t^ 
C¥l fff ^ti- 

fi¥ «nt>I 41^ 

I ^t^c¥ =<irai^, nft- 
%UU '¥irt^ Fiwtwf c»iti 
I f4¥ C»l¥fH 6^1 ¥lff t»! 

w:t «rcit«f^t«¥n 

»if^ I «ic<« 5»i¥fi ¥t^»n- 

«rttl f^C=H ^Wf 

>!11 fill I 

»Ti¥rt ¥nf ¥ ?rt«- 
(¥tn cat%l W ^t^«n «rttf fw? «1 


iw^tf ^ift» c¥ ¥it»f ftiitnp. 
¥tttl %< »|lHftl ¥f 111 
¥t^l WCl»WtW^¥ 

c^l ftici filial iff¥ti 

5»t|i itirci «r5tw 

ai^ ffnttf Rl^¥t»n 

¥ nf^l ?f aflf mi f^fl ( ¥^- 

affsw yl^T—1971.1972 )-^\¥l- 
¥tltl^«>?l C¥^« •tthw «5»ti ¥tcw 
’JlCltfnitl ¥¥ «J¥^ 

¥^n¥ >iintf»r8i Jiiw 

«tfH ¥r? 5 i s»tl I 'll 
¥tT5^i ??*i**n 

¥f«t« ¥f ^sutl ’JtltftltCf 

^tvtcn 

Itw Itljw ’!^9C« «l5tiw 

1 ‘wtJT ¥ Rwti’ nfiicif 

Wtl I 

ajifi nt^¥-nt^fi, cw-c»iflfi'll' 
riwt*i3nrt¥tcfi ¥rfi utitffir^ 

l^m l«>artfl¥ ¥fiC¥tf I <Sflttfl wfidf 
w*fi 'll' »rit^ ^i¥ttif 
utitni «iti¥ fitfii ilci— 

»frff irli iitw ‘wfi ¥ fiwtn*! 
¥¥ mil* irtici ^wm Wu. ’ifti^f« 
«>nwfPr«i «rt<^ f fii^fi I 





^ti iftr, fVi <«¥ Rrt^ 

wen ^t}5c« flcifl 

flW ^tlc^tCi^sr (Fixation) 

¥Ci »if!8i ^t?ti I 'ntnf 
*(tl5c'i »ftm ^cfltn m ¥i ¥cn 
Bacterial fertilirerr ^1 I 

*it£i I 

(1) n^¥t«T 
(Free living Nitrogen fixing bacteria)— 

flitj »ifi5ci 
nn^tf m \ 

C^W—Azotobacter, Clostridium, Rci- 
jerinkia, Derxia l»Itf¥ i ai«| ejf* v^fcji 3 
kg C'trf 10 kg f ?C^ *ftC^ I 

(2) (Symbiotic 
bacteria)— 

v!i| ®t¥, 

nten 5IW «j5 (Nodule) HU 

«tl *IW fC4 I »T*t, 

5tm %% «fr« <ijft« 40kg 
C¥r¥ 125kg *!fl Hticifef ¥ >IW¥[ 

fW *ffrg I oil ¥Ff«tl 
ni f i¥ti aF>i «i *i¥C5ef i 

f¥| (Blue- 

green algae) fftci, ¥fn ^H?lf itllfclfCt^ 

f«i ntcfi *«'« 

’fr««trcf« »rri %f^cf 

<f«tn ¥11 4»n fl Algal 


fertilizer ^1 «f«»l1-»ltf I «l| Wt^il 

¥f«*!i «fr« «i¥ti 10kg c^c¥ 20kg nin 
W ¥1C« >1¥11 

¥i£¥fl C¥tl itci¥ Legumc-Rhizo- 

bium symbiosis-ai ¥C»l SC*1 Cl It’S 11 

% 

Uft W. m fWtl 

¥«l'11 nit&CI I 'StlC l C¥C<I 

Algal »<llt Azotobacter fcttilizer->H 
«rK*ll ltfC«l¥ (Rhizobium) 

IJWtl llCbCI Cl-!! I Itlcwiriltl 
ff mrci ilct ititc* ¥1, '*ti 
feiftfiei ff, Cl fnci ¥lcit5Hi »«i t'C«t i 

¥tnt »lit> Wtf'i Cl, II fifi 

¥ts1l (Legume) •lt¥« 511 ¥flC» H^C^i- 
CSfllN »ftCll C51 «!Cllll‘? W •?!. ^flfl 

111 itJi it^cSrcfc-ti irwi*! itfiici 

cm Cll ¥t« -IC^J ^MtWCf 

Blew (Rotation of crop) ICII 
1C»I nil ¥«l 111 ¥tltl 

nil fiitci ijwtcn ^(9 f-ifi- 
wtfli nicf 1 Jicii »i£i*. ni I iTtfi ¥fitc<rfl 
cwcnetifit ici nrcf I *if!5c=ii c^t^ ¥n 
Hf^cirfcwwfes nti ni fnci 9 ^, 5r*i¥Vi> 
nrcf 1 srt fci nU 40kg cncf 
123kg *l4f Itilli itt^c5fC¥5| ¥1C¥ 
ntci I Hfntl »C«<>, ¥t'?)l 

• *ir>c»tiicim'l ti«tn, !<«!*» 

nf^i, ffnftii-9 
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»itl8 rtcf cftsf iJi^cJfrwiT 5^1 fici ^ti?lf 
■^rlcSrctsf ’fc? ’ffi? »i ><u 

cft¥ nti I «r« 

nf««it*i »ti^ I val? sftw* 

*fi »I| bt^ fl! CtT^ HI C^H, 5tc« Hl?c'?fC5fH 


{ 2s^n 4f. x^ 

sfl bitii *»f% 
nfr ««f!5 

V ’Tt^^CH i&ntf ([▼•ll Htl, ^4 ic*i 
H|CH¥ Clt^ C¥f5 «(5 41 W^y Cfn« 
nt«41 HtCH I > «fs 4H?tl arr?ctfC¥H 
44iH f-!t« c¥wi4i mfr« 4'>c¥tfnt4 



‘ilHtCH «Clt5T ¥C« Unoculated 4l r»rC¥) ¥4^ 

*tl #c« ( Non inoculateJ-®fH f»C¥ ) (Nodule), 

r»% nlct« Ct»4fCHl ^Cltf I 


Htf HI ffW 41 %4 ¥4 *jr«JJtCl HTHflfl 
¥«W« »»C¥ I «t*T^I ¥T¥¥¥t| ¥fS^I 4^C¥ 
^1% *fiw C4rfl5H ¥f 4t¥?Hr 

C4 C¥tH fefilCWi C5CI C4^ I ¥T| 
•rt"OT 4¥ >H¥t4 >11t4^CH4 5f4 4t?f4tl 
Cbit ¥4C1H I 


HtCH ¥»8rft4 «?t4ll ¥tC¥ 1 44H 4| 

lisTifr 4i^t» ^^*r* n, 

«4h > ntct* ^»ir«M fnci ^c*if 

«?l4f^ ¥c« ¥4t «fii ^•n¥tii fttf i 

«^41^*l?c»l 4|4ttC¥ Bacrcrotd fW J 

ntf > Bacteroid-¥i 5Tl ffC¥ C¥r4j 



1973 J 5 

ffci f’lti cwm I ‘ii ¥W cnf*!, *'.'ri > »rtcn «I5 ^ i 

?«fi n I fCIV vti’rtr# cft»ii ntcw «I5 ft ri i 

fftni ctcv ^ttrtfcw:? CJ*<ta <ftit»^ it ^i, vi fivrfv ctri?, >nfjrt fi— 
ff vit «Sr «rtii\i i»ttci?ftw5iit^cs 5c«iI irtist iTcsti n«ci vi wficv 

WVtll 5tl VII t*# VfCV 

VC?, nti <ir?l veil nftic^ vlSciicvmvit iti fi i 24'*fnftti cvti 
cvev JTi*! vc« lUv I cvti vfini f<cv« vw*f in nivii dici i 

v^-srci ni-nri ci*t citvin"^ vci vi?ri 'eitifcn cfci ?ti vic*t ^Jtci 'ivfiJv 

vn I cn VCW nif^SCV Symbiosis It «!iJ || It, «J5 c*t i«t^c5fCV? Ill 

frcltvlfl^l lev I 1«C«. ?1« VC* IVl III It I >4^ vt^l 



<ltci l?tltl-Vt« «Clin VC* (T-Treated) vi' i^it‘|Vf* 
acitl II VC* (C» Control) cilVt* «f8« (Nodule) V-ijt <i^ 
*iTvf^ vKvi CWItCit *C1C* I 


Sfvv^l VTT?!l vtl 5ll VfCV^ JiCV viaCV VfjlV* (IneffocDvc nodule) 
-St V^'V n *1 It. vtl III ifll’t* lev ( »■* 111 »H1 ^ffiV If Cl, cice.^ 

iWrcwi *fti It, vfi itfi?* it^ctfcvci* Hfiitfli ^tet* bti v*i *cict, cicii; iil§* 

VI I fvl '811 It^i Itlc^fcwi l(^Ci|!C5»CI«nr*lfl Itfi^ClClCII ’VWVc-VCIi 
Ilf Cl It W VCI Itev f *ff^l lev i *81 vr^ *: IJ'-^ lev 1 V* VT«1 VCIV fvv 

fifvs ftinii VTf 4*!Cf cwciii— *C8 vtc* I cm itfS» if» -ii v* 'viit 

VTCf* Itu vvvvfv wmi* |I II* Vfiv vsrvv (AciJjcMl Vfilf f,Alkaline) 
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ffW hfl •ffK ff l^tfV I 

fSrffift^i «itcf ¥111, 

c*!l »itl5w sil m Hfwt 

■i^ijti ^ til ntcn «!8 

¥111 I ?i itfS fW 

<4| uti^f ntci m I nc^f 

«MT ¥tl5c¥ Wl¥t‘J[ll 

¥18 ¥1 ¥t««! I 

?^c«r 

f-lft¥t«1f iffll* ^C¥ niifTtl «TJ«, 

«itff¥i <A^\ ^vs «f8 iffn ^<*i« ff, 

'»ti ¥¥iitii <i*n—cn ifftc¥ 

SH ¥«1 ^c«, C¥<¥ C>J^ ntcn mX9 
^<1fl^(Rhizobium) =5^CW 

itfitci ^nsf ¥flC*! C¥t1 ^ ifu^l ?C¥ 

« 51 «|6 «rwcf, nt«fl %r%^ api^i 

■l«¥ll 20 C¥C¥ ICO C^Cf 

ilt’JKS, ¥in—1^11, Ilf^¥ ♦twtif, 
r»^lf»is» ¥ ^ltPlC¥1 i^ltPr® f^ci 
Mf¥tC¥ (Ferment) fll W "m 
¥tC¥ ^Cff (Gum) SIS 
SS n?t4 ^ifsi fll wlsttl ¥| 5H¥ 
¥t»l5t« (Liquid culture) ^Tlcwffll 
sns ¥st fi, it^wrf^ts 
¥t*l5tl ^tf5t¥ SI Peat soil-¥ 

ifistt ftpici nitC¥C^ ¥W HiSltf ¥11 f 11 
ST18C¥ si Peat soiI-4 ^St?, >rsSSH ¥W, 

ns ^1 2/3 stn n^f sisfts f 11 sfi 1 
sets cst»cn m^ ¥t»irrs i| cnt¥ 2 stn 

STSStf ¥lt sti I 

s*|sr snwi s1ii:¥ l 5/20 fsfst 
¥tn stssn ns «ll srs cfcn Vnm 


n I ¥C¥ lie fen¥ti nt¥ii sts—«fnn« to¥ 

nsi CfSI cncf, sH^ cntntl antibiotic 
wts?)if¥fss.nii¥, fi^w: s^w^nt^tn 
14f¥ SI cnt¥tf «rf¥CSS¥ ¥^s (Fungicide 
SI Insecticide) s1l¥ StfSCl StlS I ns 

fnfss itlcwtfsits n^st^s nm ^f¥¥s, »tl 
wen fsfwa fnen wi siw¥^*i ?;fi fci 
stf I nns cn»c« e^s s^w snws nci «iitn 
¥sw «rn ¥n ntesi sti 1 wts fn^ti wm 25 
cnc¥ 50 errts %? si fsfs fsPrci fsei 15-20 
fsft8 Iffersts ns ir«i ¥es fsc^ fi 1 wss 
WTCW 4¥ njtC¥8 SfjScis CSntCSI culture 
(Soil culture), Peat culture SI 4¥ CSt^n 
Liquid culture Cl?Cn fsCI ®tn'5tCS CSItCSl 
SS I 4^ nfists wen fsf^ts wlstls 4¥ 
4¥rs cs nr^sts s>w nten, wi c5cn fsci 
«tn ¥ti fsfsi:! SI, '»tsni stiu® 
4¥j vfVci fsti SSS ¥S1 SI I s^cwi 
^ni stntcsi w\sticw sft^ ssfsis si nr?, 
cnffcn st¥c« si 1 si fifsi 
•cni nfisi^ c¥i8tcsi fsti wfinwtcs 
s^w «?lst^ ntstcsi «n 1 4| ^itntci «af^i 
¥si esren itsi nsti cs, 4¥ 4¥ sicn 
wins^t^ nw itcsi ww 4¥ 4¥ sim 
wlsti fsfsl ntc¥ I c¥sn cni sitwi ww 
cni ifistt wcitn ¥iis si 1 w? iTlsti 
sen c¥ts fn ntm steii snr si \ wtw nl 

tstst^,¥rtc¥ eiitsw: si8 SI I 

4¥!8 sim ¥fn¥t¥ti sw fsuts sf^i 
sttcwtstcitnfs ncssstsfi wrs 4¥f8 sem 
Indian Agricultural Research Institute- 
41 ntlciftstiitnfn 1 

tens mt %h¥ ntw—iit nifw fV ^s 

wl8nr w^st?;!!!! sjsstci esnw nfcs, 
ncwi ^nntfs f# tsi nftsics styes r erns 
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Wl—ill, 

Vtw cn Ft?! 9t| ^P^ 

4n Ft? fflt??. 

ft»t? ?th3Ft^fcit»if«f Rwti? 

(93/1, ntFrt fl^^Far CFi«, ffilft'«1-9) 
•t?tc«i c?> -nw ifw ntitwt 

fcf ‘■;tc¥( ^*fcm 

•llflt'! ^tftci f?ci 

?*f? fCf I ««l ?t?c^i c?t? 

fCF ?tf ftati f?i, 

Ft? ¥?w <?r-8tr<f f?r*? CFIf 

^^nt?? n c?r? 2 ^ c?c^ <itfi fi,f^ 

-tl^F Ftll? >l?l ?tlt^ftt?- 
?tF 4tl?t? ?iW ??f 

»c? ?tf j »tl <ft??i*r "FiU? ?t^ci»tc«f? 
*ft? «rciN ?1 ?W nx ?j3! F?|?tl-?lF «tcit? 
fw 11—2 «*i 1 ^t:?^ 

^!w ftr?flit'ili 

Ftt? 4^1? !tff^ 40 C?C¥ 125 ffl»IJ n<f 

?tti|tt¥? ?tl^'« ¥ir¥ ntn, 


«l <rn 190 c^¥ 595 ffwi ^Ttwtfiit^ 
*ft»IC¥Cti ^?t? I 

if3?11:?ti ?t¥tw 'fl¥i <tf« 
4-6 ^¥1 ?iF niv I 4—6 3jt¥tl 
?ll *^111? ^«.nt?? ?t?n 11 C4t¥ 2¥?1 
^iw wtwtlfl CWM ?1(? fW« 

^tc?ft¥l, ¥tl4^^, ¥Jt?t«1, «tfr¥ 

Cfti Ff f?? C?l¥l «•! *tlf¥ FtT^ lltfl I 
^tl?fl¥tl *tb»!5 «ltll¥^l C¥?tllfit¥ 
Itlc^tpllt? tl Hfk 41 I *!f"Fl ?lf 
C¥l*! ^7. Itlwtfllt? Opl 

*rfiHti:‘i ^v*tt?c?i ^ii¥t Fit« I c?c¥ 

«ff« >141 ^11 *ft¥tl, •ll «l'ffe 

ittwi ^iti-ntcii itirti 4t¥ti nitcf^ 
ci¥t?tf? ntitcn ¥11 ?tt¥ I f¥i 4 ^tc¥ii 
fill. *!p5? 1C¥ <1 *f¥r¥ Ft*!^ C?l ?¥C»I^ 

FC*tl ?l? ¥1, ¥t?tC?l Ft^1¥t^^1 <1 

lltitCl >?lfi¥ ??, *t«1 ?tl¥ 'll 5lfB 
Hl»4?? ¥« <S*ff¥ ¥1—Itl ¥Cll ¥l 
«ll¥l ^l^tltl I 



sthHif fVt fnci ’filial iv »iw v«f i 

^f!8 ^twtsiTt strafffwAi -fi c«fJ? st^ 

(wf^ « f^«ifj», 5^c«ff, 1971) f »cici I <<f-f* 5?c<rj f<«Ti» 

«r«iw « >f?fnt’fj niPi vcicfi 

fnfl5 f<r¥ Prci «itc*it5^i vii c^c^ 5itc»?trt wntirlN iritin 
*!tw I «l?i ^t-rr« ¥<t. *n[,r*f^«t'» fri «<¥f6 ^f^ti 

f# cfcn J!flff« «f4«t4^c’rfl frifi*!—^^.ft^ai vufjg 

JTC6'9^^i ^ciic’rt’ri «tc^ ’jff c*!:«ct i *ffilial tj|5cift*i i 

•JtfTt ft*?, n\:9i ww-r jj« 

I bJtC*!9tC11 

•i^car* '»*^cfC’i« <ffr» cww '»ti fifsi »i^cf c^ 

nfsifsi IS9I1 jfi^Tf <fciti'w m 4| ftflffcf 5rtc*!* 

ff*l cafC¥ W«r I 

«r«Hn«rf wtff »«i ^tcn fici^ ftc»fi aifcaii 

f«i>Ti^ ^ir*n r^wrwfl ^f5i5 ^iwi ^fi'® c^cfc«i 

tnf«i r?:f ^Ji^f 

« *!^ ^fS(« «*fcwcii csftfti nini cf 

*|-nc# fCltl I Wil'SfCf W ¥11 ¥tl, ¥1 

B1ll»wri Wfftcwi ¥¥1 ^*{1 1¥1—«¥C^ <1tl (Continental 

^tll iW*1 C>lt>Itlf5* ^t¥lc<1 margin)! ajilf *Ht>1 men ^^tC?%l <ftl 

1872 »itwe fiewB c^f ^*1* >Ti’T«fii cfc¥ ¥#1 •}¥¥ eicnJ 

mt¥ ¥tJii « vjftcwf *ifmtncn i *ai 

fiei utttt Bjti»!«n I >iTt¥ «rii fi I 4rtin ni 

'in nn ¥Tfmi5 rfwfV»i !fl¥^rc¥ ^l*n ^te^r «mitf%f st»i. ¥fini 

•fc¥ «ifPw ¥t* I artsn ¥tc5r <ff I « nen 

it^mi nfn^tf m9 «ff¥ <nft« (Continental rise) I ¥16 

¥11 ftlf^ I !(¥ iin <a¥t! «t«¥ C¥t¥l . Wtw ftcf ¥d«, ¥1 

Cf¥11 te¥1 Sfftan ¥l¥ cm "ifait ¥C¥ ,¥t¥ Wtf IW ¥t¥ ¥11 

ic¥i ¥ti^ ¥ntari viti Prci *r?fti m in (¥¥i iff, «rfi 

¥¥>! fff I Ht¥¥t¥ anLOfi ¥¥11 220 C¥t^ Clf|¥ ^1 11 11CT 
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f^ci wrw) i •tPii 

c«%f iftCT^ «fci, 

• lfttf%f ^Rf <rif 10 

if^ti«i f»n VI! fi I *n[:yi fifit 

if*itffsif w ntf ftci «i 

<V^fir«r ntt^ fni Jiftc»*li ^iPs 

c«fficf vs| j|< «tf5| nst« met 

c’jc^ nRi 

<rf{# iftnNrii 

Cf^ ^tl, ff 1 «!-ftf 
ntft^ URtl I ^\lfl «l»*9 

*ff*n ¥^i, »it|^3r¥ at^f cfB 4f 
BiMi f cni^ • f^ »itf? 
CW^I wtl I *•! If »l ff^if 

•t»t< •ftfii fR! ^r«c«i f tcf ^•inf»ri 
cfcf cntJtftttM ^iti fit pf I 

»!?jCJP CftH^* r-*Cf«!, fltWtriSf 

•ftfii fri I fn nfkv 

cfif—cfvr cfic*! wtPtwtUfTTSli ff-in I 

»if^:ar 'itnftasi 

5tf fffv c>ij^caf®, Cf 56f»sfi 
ffi >ft#tw fri ftcf I f^wfcfi ftffii 

^ff Wffill ffji ftff ff-»tn ••iirf-ti 
%ni ficfi w«i fff’, '«!». 

fljjn »fcwr*Ti vi'«»t ’f»ni ^ni m- 
ftCIfl ff\l ff fffPI ffftH ■JM'v 
ftwi « ff vfcfi cf» vf«i ffc® 
fif'irv it«i wtP!i «ti1 c>5ni >*rf 
f^fTft • fcti ffti ^ffili 
I ff n'iti, w«! ff 

ffit mm farfii f^iff f^cf wwf 
fttf <itffttt cm®^ n% fi|f icKf ! 
fff Vfrff: 

ffti fff cffrt^ 


ftill ISftfttf Hfi I I n<f ffti 

fwen n<cfi inr« 

vfffnf •rt'^'fi wr fit itii «ttf* 
ciRMfi ftiiti ff fiilcft n^ffw 
Pit! fi— 3 tHI w 

?^<ir-!lt« Cfft CfCf, fj «tl f[f4» 

ItCf ftf CfC’JCl. ffff It tf’Cf 

^ICI ff I ^ iff^ ffftt f^fCiTPll 

fflfWi fffif «if itfitl fin I 
wten »«B nil nf fftni fiti tfl i •iftif 

ftn itft fti, ^nfifp'B ‘•I’l'fiftf fftcin 
■5f’, ftcf fni fi fiffi fif9 nnjff 
fetn PCI f^fif ffttfiffni ^«.nfi icitf 

mm ffi: cfcn c«cn 'itf vncii ft« 
cfcf ?ci nci fitfi I f[ci nci nrifi 
ftiifcn m'lf >nnfnftnf>ii apfffflf 

ff^ncfl 111 fi I 'll ftlJnffn ft'^cf 

icn> ffftffffn ni"ncn ftf cfCf ici 
^z* fitif f ffi^cni fivti f^tt I 

^-nfnit^ fi-ir^i fft-f fnfiiPi 
ni^i ntpf^n 'ntcf, ft vt«f 
n^fCff fti fifti I vfifi *fff nili ftff 
vtcf, cfftcf fpffni nf itf c»fftcn«nt« 
ftfti fcni ntfci 

(tjnri fftnffcn ftfiitfi c5f—nf* 
fi|n fill, rffnili f*iBf ftf)i nv 
fcni ntit^ffn'i ni n? cf nii w 
cfirtni f € ftfl, ff. f’Pff fl^i 
^ ft ptfiti ffcf ntftf•fill ni 

fPtl f1«ll. ft flip fifl ft«1 

cnnfn fiff^n ft pci ntci m i ffi 
*n.ct« ftncfcni nJtcf utm sniff fltf ft 
fi#tf ifinff® m Pf fit "ftf 

int n^®in cw fs vufifnfi fctct, 
'fti fitntff«f*t mw *nnRfi ¥tf 
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C 26%n u vtn 


wtn^f^wrai 


ifn'Rftif c^Prn c?st«?N. 
w»t ^*ff*f nci wr>i <rtc», 

’ft*! !fi 9in ^tcf > nrffn fn* 

■tr*!?"® f '■tt'T'f >l»(f C’T^i *lt!f, CnttCT 
-sttHrei'tf^f’f «Tf% rA:5 wtt®, ^1 

>f^;cjr4 ^!frf¥^in « 

¥tc*f*^ »c® cncf I 

c® ¥1 c’iSlifl ¥!n ’«r-»w n»tc»r« 

is\t =fS. n « «¥’? «it^ 

*ftci ^t« ’i^cf *ir#n i 

»)tf, « «r»i» f«^Ti ^Tl’i fsfrci 

^iti ftwti •THc®! «rt*fc «rtc% 

^fffMl ¥iir« ¥Hil¥R¥ <tr^ i 
>«t?f >|t®tfl*l s«tM (t’lankfonl I 

If^4 4«1 

¥c*it c*rt¥ 4f'-j* jzvi 

«fi*i-r4wt’!iw4 fflitn. ¥if* ifti 

*tfc»^ fiiff*! f «rtcni U'iimM 

«fi«t4 *fr45» nt®f9 mw ¥lf*r«i %c*t9 

*tf«ii fi¥tf I {^1 >!f*f 

*fks»« « *3[c1w ittfPii f:*t 

¥t9¥ n?yc¥ «it*ft- 

f?r»t’f(£?i ¥tct€ fc^fcnftn* w ¥ti 

tjwcii 

*•¥ Tltf^I STtfk^l OT 

(Diatom), ¥lt Wl¥^C=!l ttl 1 
'¥t*W ¥tr4» ^ «t*!t«1 ini 

¥ 3r£5%*ftwcmntf I 

cit^ uttf^nti *mf, ¥tii 

'^rwi ¥5 ’(tcti tt¥. ¥rt «rr?ti 
¥ «iwt¥ «rt*lf *rtwt 
¥tft^¥f5i «f9 m^n 


¥tt^ <fn:n f«f¥ issfi ¥i«i 

¥it Cf4fi m fafH Jftfrti 

^fftci sttnff m9 afffisi m ^ it¥t- 
if5t¥ 4J9HI, ¥1 ¥tw Bw r*nc«r9 >!'sftsf 

»Cl£f ¥C*! ( ttl: 

’iw «*tr9atff4f f4:’¥tit5« ¥w 
C^^faFI r49t¥ ¥in|l 

nfSK Cft»9 ¥t¥ff*! 

*ti^9 Cf*’! fr¥, ¥1 ft¥l WtCf 

^fff 

« Jfftwwref 9f¥4 ^n- 

'3fC‘»|9 frf?C-S *?£¥ «)l ¥t^C»ft£wt*f. 

fn *f^£T r*tci nc¥« 
n?rd« >!fct •ftfti ¥t 
c*tc¥ w Ifrtfw «rtfi*fC¥ r4*{®iaf wim 
>nict9 tfl-liycf • w »fi 
nc«t ck*i frw, *ft wf£*fi at*tcfi« 
»««r*!9 ¥191 fC9 I •«¥C¥t *rTt¥¥W 

9tff5T ¥9 

*f¥ 4W «!*£« 

9C¥4 w:¥ ¥tl9ffrs¥ Hf^JT 

eiw 99f tf \ 

nfcfi *r^n 

¥91 ¥t91t 4rit¥ ¥tC»jrF91 ¥11- 

ftuti I cww iiffi <rc»ki '• 

f^¥tpl€ ¥f¥ltcil icif f^*l I ItfVl 
iff¥t-refi^ ¥frf«tcn >nLfir»i itt¥i 
¥f¥ll«t¥ *lft*Jtf51 fCiff*! I If IJ Itff? 

¥lt«fl ¥1 ¥ f t¥ 

fiiiti^ fit fifTftm f^ft^ »n5m^ 

C9 ttw CTWftl-W. cnt rfflltl *NN¥1 
ffi iw ¥jt¥ ^’ftf i¥f*ft*rcii ¥iff- 

Iflf C$¥ i I’>6J ¥fC¥l 23:¥ ftfftit 4> 
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1973) <tmw 


^,w3r ftfVai ) 

f^iCl ^ Cfar ftwtl 

itn%n fff <*tnrtn i 

WTltW !ijtc«»tfll 

fii> wtint^i s»i>r '^Ttc^tu r®n' f 

!!i icn't «ifr«t^ 
fl*t '^fC«»i€ai H% I fsiC« 
^riW^r « 5 t*f 

#i1 tcift*! I 

•tf ft*? «twtw41i « fa^f* 

#1^^ tnitsf •Jtt< I '4!^a 

^Klll Nl ^^41 <*<Ttf 

OJ*l «»tSJ4 C«?Tfl '^:4tttC«4 ’It'f 
tCl «{t] tuft*? t »lf<i 

*:f«l8 W»I C’5» fC« ^Cb 5<tnr« tfCf f 

•llc»j f*«, *?*‘!S^lC*'fl f<f%t 

1 !II« :s!c-». 4 r#itl 

LHl^ tfilll ttl*? S>1 ''8'S ^C4 I *?? « 

’??!•! ititcs C'nft*? •! ’5*5' i 

’5«J! *tfl S’'$H>.;»f ^C#Ctl 

#c« c^ttfi |^4t«r^ ^r«ri c»«5i n I 
tci ’TJt'! 

«ltci^ f&•? »!^tl i 

ft*? fwcf*l '■Iiririirmlii «l!f’ 

>?t9 Iff %f sr«c« ilfil-jjf fcfft*? 

VW ‘S£a« 6f*! ! 

ttaifi «lfi«^1 4<jn fCi ftt9'4 
tifctJi, fttJi r»cf «<&iref n«f»c*l 
Ini ’fijyi ’r-»*«fi fttini 

fTtTf fft v«jii c«c*i® icf tin- 
tlW^ I CJtC^S CJfftW Cf£?► 

ct if ^ f 3 ^ fff3 ff Cl ftCi, f 1 

«cil fftifl fsifi fII tffi I If itci 
I, ff ftl f f Iff fff I 

fulfil 3:f| ificfi fftci 


cif. ffiii ^Cfitci ^«i wtii 15 
I? wtcii ffti ftfjarf ut^li 
^fii it! f«, If cfti ffI'tti ill «ri^ 

’itii I fb'ff cwn cicf fcif 

i^ifj iif, iilf ilftff •flif 
4ti1 ^SfCHfl ffl Iff I cfii 
^titiuaii ftcf mim U i ^itfi 

$*ii il^Cfi If clCUfi ffft?l*ll 

WTi ll f IfffI «tl*ftcf i f If 'lilt lllci 
If I cut! 'll £1^ tl I 

IICJSl f'tl <*1*11 'itl« ffsiti 

Ititdl f£icf I ««i icu 1569 ifCil 

ntf^i nffitifB I blifI itfii 

ffl flftflll ?tc*fl tlftllff 

it 5 fv?! #i}8cif*cii I ‘«!65| 

men itcii 

dlls I »l« liCIf itf-lltl 

ficiffi mf f ?(«ftif#i ifcfi 

i”j fi^ti -n icnititci ftfJciCfi I 

<}4*1 ntf citfttiti 

fiif8 ici '^tfi mil ficii ci^o 

ItlC* itcil fl I ciciltf i 9 t- 

«iffifci fifiei c*fl I ifiwi ilfti 

ifi«?l •cl)!‘f»fetl»-2‘ Ih# If ?lt»ti iiFf Ifci 

f£1 ilC-l 30 n^lci flfiflcii 

i£«i St-inn f tfitfif f31 f flcitfilf 
»!cmu #i« >T"*n fC4II iiffi 

wii fiff* fcfl iTfif icn^ttili niftci 

itl,^!fi iC=«n11 fflFli fl’SfVl iff 4 

fcfct / 'll! fi^tf ilf it»! ici iCfCftiS 

*j<un iilfti fni^in #icn titiJ 

infef s* fiwril I 

« 

iltfi »r*ni#' ffi fiftn ci fi 

ifff frttf. ftcf fwH w fii 

fill itff fttfrti ffif 
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1 26^ m 


« ipif ^drtJrtPr i -iU >j-ni# 

^^x.% «itw 'irtci^twi 
fim ijtfif »fr^^*rr»fr« >!?.i^c<! 
cell I nt-i?!! »n.swtr^i ^twtfJii 
a»i|tC4 iltlfCIV 

I ^ifVi? i»«ti 

^fCnfnnt^ WfiffCli* MCS^ 

«nr» ¥wcf I 'Jiit^rt srtce 
mi9 «rrtnf«¥ti flcict 5t«!8 ’iiirtfr^v 
ntf ftaifi tw ^cs 

f^ci« f •c'l nttf} 

•|%ri| fflf, iltVfti»1 I 

<1 I '^ifn f Uw if^^ai r^*fl l!<t« »l«f=«[*il 

«itfc«i’« «it*ifcf« #»J«r»!twr=» «rci»< nfflftr 

f<*rcwi ’»« i 

mi9 >itif- 

>Tmrt, ff«»( HjtR f cit% I 

W C^t¥ti¥ ^V-l' ^11 ^ten 5Jtl*?* 

»ti Hftftlffr ’^9 #tfl Rtfl ^^1 ^tet 

’Bt« ntitil *<1 fell 
li-i' ffir^ icii 

afi^rtn fi¥*nw. «iti 

*a5?t*i i*r nf ff j 

43T1 wtnw-finw er^ift<w ^i'l’iii -ei^ »5^^- 
1 fin? iitu erfuiiti ntc^tr» ntw 
eit*i¥ fiwtiTj '# fiwifie «t«i fit« 
»|t*Rtl f^tfTl »ft»WTl 
eiHicil I «if^w fiw» fiti esn 
nfMi fi«its?[i ^;^fi f«itl cite fi «t«i i 

>ftir« >»»ia^fiwrcis cin 
^ rtiii n\w mttw 


Iwtiif mwt it»rfi|f^ n 

afft^ w ^1 ’^wm bWHi 
TO <rfiiff»'« ^ftfSiTOi >ii3r»?fif 
flfif int ¥ir« fii 

'etr^f TO »if3r3ri w- 

C«f5 «t¥ Hffll >« tCltTOI tcTO 
^iffi fsitr« ni’^iire >rffm »in 
nftf I ^t^i •3^f%ftf>r¥ v<fj ftsti »fiT« 
’ftcei# »!9:S ^ifii «IClTtif 

fee *iTc? I feftfnnrfn, ffs 

iftrii it« #ii cac^ ftca 

«ti 

»iPff M, effi n^f Jtftii e^finitc^ '«f 

ffii CTce I etfe^ 

ariitff eci w ^«s« 

*i»-iTieif4^« ’tfcilfnete fifta fte ntci i 

iRti'S f^ 

a« ntci, mcM* 'viw 
eff9 ccitw^ f# r nt« «nt«e era « 
r^-5i| I 4 oMfiita 

9Uin « etca* •« 

iif-neetci ^jiftf fiiti 
nati^i tcicf ( >i^c¥i ’sfiv. 

iiwcii tnfflcii ¥t*rwf •ffffiii 
■eitciwf ice il i TO ifew tnfi- 

n?iti csci fit fj >jfveil fcn 

TOi 4fir« ift»i TOW cncici»cTOt 
¥C*I f¥ ertl IFfil ^Ci et« ! 
iCTO^ ’If.f-fieifCH «fiV> IfTW* 
fiwtcei i«l ^v. TO-(TOt4twi 

4| IJt^ftM ei«^ fCl fell TO^ 
f»h '• fipiti 

C¥Cf TOUtfWlf TOtW 





•ifiwi fcirt J '•if® "iffc 

•Iftfifl ft«f—S«fi CfCf »!®,cii ®^Ci 
-lirrfk ftifi ^rjfi s^iffcf 
i^f-w •rtin®i twi ^ 
cfftftf cnfici cicf •I cnci 
4Ntc®l ftft®. ff® f fit® *?t 

#«c®l Cf^ Cf^ iWl®, fSli 

nfitii ci®fc® fiitip >it»r««ic»^i 
•tin W C®C^, ftCfl 

j»lff ^tf fCi 


ftfiif fftari 

vfnri cfcf nti litciif icici t 

fif»i «i*l f tficf 1 cfiif cfftt® 

®Ti ici miu utti I ®>iff tf •ftiiHfif 
^•1 ®f®ci n«® fci fwi ®w 
®l«tf Inti ^dcf "ffifMfi 

»f*« fvf« 'nfli® mcf J '•f® 

fffel fCi ®i qf® Cft® 

n< ff®i, f®^« flCf 
t*!i I 




fICf ‘Cf IISVI 

I •K’l '•I ifS®! SH 
iCiCf f«ai, C® C®^, ■■«1 ®1 I 

®tc*fi ^firi^%« fii Uf^ii wi f «j if® i 
«ifc® '•Cfi c®t;®i ®f® I ®tt®tc®i 

Cite® c®®® ntfi •irtf, ®l5ni cett® ^■ 
c®l I ®trni (it® f®*i®f—®® ®®5> c®i«t 
®rcf—4®® ff, \®f®ti ®®i« I at® c®f*ti 

®tfti Vtff ®?t5f tl ®tC*fi’S® C^t€ C®5® 
®CW W ®ltl ft® Cite® ®i1 

I 4^ ®fc®i '•v^h ^f®®i ®®cf »a I 
®tcni ft eft® ®f^^® iff ®fcfit 

®itft ff t ®t® nt®^ ®t®i c^ftcf I 
®ff««rn—ft® f ®twi ®®f®;fi®i eft® 
eft® ®itni, ®tii ftm «5«tft® ®t®ti 
f®t® ^f®f®T®®H c»®t® fci •rfffcf. 
fm ftft fill ®trf«<®® fti ft®i 
CK% CfCf» tfTi ntlCf ®t, ^tl ®l®tl 
ffujrtin f tifTi. ®tfi tw ftcfi ft mtf 


ftef ^tfi® fft—«tf itwttfi ^ffctcmi 
®i^ltti -^^tijft® ^tfi fti ^ftni ft 
®»cfl eif^cf ®tf I ®t*f ®ti ficft 
‘*t®ti, ftflftfi ®®® ®ti, w ®t^l^ 
fti ®t® I ®tc®i ®ffi Wf nfwfif 
»t® f®®€ f®®€ ^t®\&Ti fifff ®c^i 
®®i®® tc? nf*ttc^ ®i ftitt ®t® ®®^ 
fti nt^Stcf ®ci eft® I ®t®ti® c®tcf 4^ 

®icn ®&®i c®c® ®t® fti, ®tn ff® ®tflttcf 

’®tf^%i ®f# fill •tftff ft® ittf ftti® 
fti I ®tc*fi cftt®i ff® eft® ®itf®t ®r» 

c®^ I ®ie®« ft-!®f ittf® fti cfttfi 
fiti®^ ®ffi «r« ®»ftitf iitif 

ftitu nfit® cft® ®«i «iff ft®ft^ 
^tfi® Siiii ®tC«ti (Cobra) cffC® ftw®- 
ftt® fftii eft® s#®i *ttl®i ®1|C® 

Cft ••fti •tf ®tftt« ®tftn iff fini 

•t» ftti ’fti e®® fn. ftft® 
f®tfi'‘ e® •t ®n®i Cft®® ®tic®— 
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(2&ii| ^4, U 




9.ic9M fft»l «r« iff! 

«rtf«i >rrffwr wrffi fw 

fli—WffHi f»cf 

*ltn W I Cf fai iflfl-W 5»«W 

>ifj|W »ft*jtj:? C¥t5? »t«f wi ^ nf rw c»t^ 

4)-ft£« •jcf ^t^cTs <rfc^» ^r« 
®t5f ft'* f»cM 'll* 

«itf c6c*f %i* I 4i-»rc^ cic^ 

<«> rt, >irn 

c^to! f«fi*if 4tc^ =rf, 

-S? fwfiicw *i’^c<i 
ffj fn 4*^1 »n.< 

^tCf, ^t9 «f« lftct« ^nfl It'f] 

ffi ‘*c’^ca^ Jitn ’ffif ft:n «rf’» 
ctc^ fm fvcf c^fc^, ^fc s fllCf4 
ffi csil I fff <!(:« 

cJti wf SLc« nt41« »itcn« 

^ ^Ifi i«91 <1*^1 -itffS 

*nt*» »ltn£f (Python) H^fsffvB ff)»| 
otdl tw Cfc® CTfH fClft*lf 
4(5t« nwj cfc*! f»f, fff 
Cftsi flfifVTI CWf»{tM *<l I (.*1 
®nfw, *fc^ f fff c*il >1^- 
c»!tftl f^f ffCl 
vflff sttf^Cl ^*lf^ 

nUi'* *c^ f^ti 'Stcf ^cft£« flic? 

W»I11 

Cftl nibfCtfl 1h% Pn Cfl4 -,fT*< 

»fHcf c^ii ftPtfi»i ni SIC'S cffi 111 I 
<«li *ic*»t»ti III 

i®Hff. ‘fitiff'i 'SNifci 

fell c'^cf fici itfifi I 
•ftwi ciTH cfcf <<¥ cum itn (Rjt 
snake) Clfttf ^ti itfffki 


Itfl CCTU »TtC*ff '•I ®ftlf¥ iwfwfl 
ci"f fffk iw ici Iff I m* m 

ikiti nftn fcifv, cuiit OT c»rti« 
fnf fS^ciff i» 

*rtcnf wf< «itct, ffi iticii 

II Wf< C5»l I itktu f< f wf< n ftfti 
irn iTstfi cici'Wtni cfti if W9 
iti 111 Iff it*i Cl ficf im fci, 
ciitci itvitf^'® If fftfif*. cfTiliti; 
ciitci «in 11 licit Rfi fiwi 
r-iatfiti I f *fi fcf ^t stci c'sci-’ftii 
■If flC'f 11 CfClf itfei Itiff 

III ‘fits’ Ilf cfcii ffffsi 

llsUir If ts itc-J I iff 3 cf 1, Cl Cfti fiti» 

flitcn ^i« iti itcf, ft«t flit® 
fii Cl «n??i fits lien ft fisi 
itffi ftintci cffi fci 111 'sti 
^iffff iitft ^fci lit! fttf cuts 
11 cicie I'st 111 Cftfl fifti ftif 
IfC'S itci fit 'f’sfVt's stcf mil ah 
fell cfiilf nil fff fii 

cm ikf II, SCI cnircit cftn<« *iffti 
fitcf 1 ft fifti nt<ic? nil i*cf cif 
fti '■sttf wta ft* ff cf^in fmil 
fci ? cf In 1W1 if^ ntftcni m i 
ntit?i f fc'i sircf cfit taftj ltd I cn 
j 5 lift fnti fill ten csVfti 11 fffi 
ni ftci fills fits nicf I nt^f ftitc-s 

Cl H'i f-fll fl, IC^l filti Cftf 

ftif nil nil SI cwcfi nlitcii ffsi fci 
uiit «lff ni^wi tcfcf efrn ctfn if 
fits itcf I icf nttc? s^ftf iitf 
nil cftfti f tcf I cn cn f f ffn ntitciT 
n 'f-=nif fffi fiiti nttn ft cn 
iMft—St ftf citf «ri fti 4 ifti Ilf 



«ltw ’iftlt't W fCiff: 

'»j»tfi« >i*f •nr-ic^i ftii cv» mUiiw 

^ wti niw I* (7. 50 1) 

*mni •If fws * 

*(< I ft« sjifC*? ^tl ^tf «fCl* 

ntJ» ! fort’ll cw f 
^rw'«f*i^1 »Ttf*r< f«fc^ cst|» <* 
wf<^4«Ptf -<ffK ntff JTtc*f« 

fffi *it*5'i •ifiwi fn^ cit^ »it Alltel I 
<9^ •t’i cwtm *j< i 

n'i 5^:^ (Jacobson’s 

organ) I '«tf ■5’?! CBflt fac»« ®ni 
ffn w»i c'ftv fB 

fs^ci ^fta »tc^r j/»cB oil i 4i)| 

cn 

« un ^Cll ’!fC*TI •^f»l*l 

Btf nv it0:i witBBn-T- 

^tc*i« af*fif» BifiB 
I f tBC? «f?r® 5J1 •itati f-fH 

B1 C^f ?5 •flf'tTCl f f^ftB 

cB nB •:« ntF*!:icf. c#tB nrn 
r*fvtin ntwi tjcB cB BCB fnci 
’•llBf BCBC^CBI »lttn« BJBfB 

Btl Btf I C»m C¥tB BnB 

Bf c^in £>r«ifi ^ B(tft 
fii Bti c»tB > sTt*r f^icwi Btri> 
BfV WW wit, -Itci fB| 

I •itcni atiBfi* cifTftwi i 

BCB Blltfl® ftlSCf fBCB—BBif r<F, 

BC« BCBT itBW# tU BW BtB ntBttl 
BB BtCB Bt, ftB«ll ftf Bit iTBU 
Br^ fBhtWf BtB fB, ¥Bt« 

i> ¥ 1 BiIB'I ¥H cnBff I 

BBfpff (King cobra) BtBftB BfBB 

«irBll « f <BfBf 1 f Wt «BfB Btl 


X5 

•Bf BTftfai (Species) BIB I Btf^B |Wtc| 
¥bI 8 1 ^fjti CB CftBl BbI WW 

BtB (Black snake) «f«11 ff | 

fB» BtCBf BCSF WB¥J| 
«ltCB C¥tB BVJf BtB CfBBtl «BtB Bf (B I 
ffi eittB, «l(| BIBStCB CBC¥ 

fB BTf fnB CBltWl Bt¥l 
BtB¥ f¥ BtCBS CBf l*lBk|B tit 
¥tB CBB lltBl fk««B I Bll ^tl BfBt¥ 
b\c 1 ¥M BtB^ 

CBBtC^ BMW, CBB CB C¥tB «!«» 
Iff'® CBCftl I BBf «*> ¥¥ 
BtBl8t¥l BB^ fBBtBBtf BIlB BftBl B*t»tl 
CSCB CB«11 BtBI, ’SB^ BtB® ^fl Bf¥¥tCB| 
BBtl¥«1 ¥in BlBCBl I ^StfBtB CB 

BltlBa Ort^l %B» r«fCl¥ BffSfl ¥1C¥ 
BMCBI I 

¥¥ Btnfe ^tl WrtfSBB-ejcffSjtBtCBT 
B<B|Jf¥ B^tf BBC'® CBClflB 
fk ? iit BBCW BflS C¥\ffCBf*flB¥ Bl^Bti 
¥<1 »iW BC^I ¥[tCBf«¥(f BtB 

(Rattlesnake) *®Bf¥tl it¥BtBl¥ (King 
snake) ■?! ¥Ci l fff BiPCf CKB 
CB C5tB fBci CTCB B1—¥Jl¥SBB-Blt¥l 
BtrfBf CSCBl fBfOt BtB ItWBtCBf 
CBlff B¥ WZW ¥t« BtCl I 

CFtf8¥-¥ll BtCBS BtBlB itW* 

BtBC¥ CBCf CB«11 fCKB f CFtCB C?BC¥ 
BJ CBCBB BtCBS 4f¥fiR1 

I W BC¥ CFTB iBtBt MtCl, ffl 
fB"® C¥C^ CB¥1J fCfCl—ItBBfCBB ^B- 
fBf^ BtCBl CftB €»f»fiHlBCl 
fB I CFtCB CWBCBB «tWBtBC¥ fSffii BtB 
CBB fsBf®! BtCi B1 I 

BtB Btfksrt Brr*l I BttfBB ftfl CB 


itc*iilfi»i#4%iPt4r 
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wti f#i <fti fi- 

Itntwi WfiCJUl 4f 18 C¥C¥ 

cwt<rff*i f d¥ nmtM ^tw «•¥ ¥^N^Tnl^ 

¥»ifi nt*il8 ¥rifi«ii c¥Cf *f^i 

4fl8 I *rf*ff8c¥ f«it 

¥Wtf *11 •SH 5t«f6 «ft*l 

•fNii fiicifiE«i I '•I cntw ot¥i ^ri, 
ni*fi 5t«f8 fnwfwi *n^ nt» 

c'Tc^ cn*! C9^ r ¥t»i 

▼w cf¥i cn»i, itifi (ttntf 

C¥t¥ C¥t4 C»|tir ^rcf I 

llfl nC¥ W1 >!t^|iTf 

fw *imf nu f5r¥C¥ stiffs’* ¥cifi»i i 
tunif sif, nri c¥C¥ 
ncffiR ni •«¥8 i, fdfi ntn 

c*i«Pn ^tfl ?C1 >!tf »fCf 

8*it8n f5rc»ifi*i f^fi« cffi? ¥1 

cwc<t I ¥ircnf ¥i 

mn If I 

^4 (Facial pit) ntC*ff 
Ifiri I ittcni «i ffcf fi I c^m 

C¥tsi ¥tf¥ I «tCfl «•! Cf, 

Cf^lCHI SI! <*IW« ftcif C¥tf ¥tnc¥t5^ 
fi¥l«C¥ ¥1CJ| <•:¥! C¥t5l 

fi «i I wcftfl cftfi ¥t*f >rttnf 

CWCf 1 Titc^ll cftl Cf*i fwt 


( 26^ f#, l¥ nK4l\ 

f5¥»i <rc^ ¥1 fit 5tf I 44 

cf^f *Tti«rf vtit fffi tni f#n 
c¥twcfi fw fi^ci w«tr«t¥ ••nti 

*tff Ci8| ¥tl, C¥t¥t« 

nfift^iti fn^tf c^^ irif cf% lt«i 
c¥ff ffi urn f¥iii c¥tf ntfl m 
fTt^ fi m c¥tf «rt% ¥t¥w fi cfif« 
w 414 c4 nfn «ti«n 4nfif4 1 jr 
«tt*8 ¥ti ifnfwi ¥11111 fw iftn f^wi. 

c4 ¥it¥ ntcii <t^8fi 

¥it¥ti «ti ftifi fi I 

¥fftl ^ 414 *ttl¥l ¥tc¥ 

¥ltl ¥t¥rf4¥ I ¥tl 

C¥tf (.¥?, ffnCfi ¥¥tf5l1 « 

C¥tf fttrcfl ¥1 Hffl 44 C¥r¥ f'F 

«ir*8i c»ni 'ifc¥ ftfc¥ 

¥t¥fri ^t¥rt¥tc< ¥t¥ ^ ftff 

11 *ir*lrc¥ i¥¥»1 ¥C#1 fici Wt»f1 
¥m ¥tc« I ¥t¥irtri W¥i ¥t¥wf5^ 
cni^ fft¥ <t¥t¥ ¥tll fitw 

«ii ff'i»i ¥'/ ¥rm I itftf 

¥¥ffci« ¥r¥cfti^ «ir^i wim 

¥«cwl^¥i:¥¥tci I C¥C¥1 Cf1?fl (Bamboo 
pit viper) *it¥ft f-¥tC¥ ftnlll ¥ C«tt¥l 
ff)¥n I 5 ¥ai 44 ¥fTn I ¥1 ¥lf!tnr c¥m 

Itfl V ¥t¥ f¥¥t¥fCll 





¥<i I wtf irtntcw 
wi «Ml ^tci I w tftnr^n 
aihfvt« «tl «tii iftfttw w 
^fC3i >f«» ffci c^fti, mt* #I^KfI ntftw 
CW'tC^I wtw f Cl I 

4| i»i •iftfif«r« ^ffir 1 ^ci ilitcn 
ttf^t WtftH Cfti I lft»lt4> 

wtftn^Ji w ncf ’•ti ffcf ic^ c^»ii 
^*rcfii flnrcfl ^iti ’iittct 
^nci. 5^11 ¥11 ftiTcn 

llt¥¥tl IWT 4C>r IC^I W*| ifCf 
¥CW ¥TltC« dtltl ¥U¥ fCl 

cici I 

Clltw ?ll1l Cltci ItflCl w 
¥lffWl I HCltn 1C¥ ffl fiwi— 
¥tlfl Itl 1 

tff ¥ff! cim’ftw 
w ♦Hti I ^tnc¥ ♦t*ic¥ Cl nif cni 
cufi ^ni I 

cinw icfe 'ici ¥ti fmi itff 
i«ic»Ri ctcf ticii-^l wti, ici 
lift I ¥fltl fti w»(ff I 

ltf» ^4¥ Ci^ ¥C1« Cl ^ic¥ 
nticii n I ¥ti fn-n ¥ii: ^ii ici 
utim itiiwii npifrci iftici iici 
cntf ^citu ¥titi ¥ti 11 ¥CT Writ I 
ciituwi ntnci ntn iiwi ^it 
crffin 4c<it, itvcf iit«i ill i fWt 

Wf iM-m c¥ii cii w I «tl (Siitii 

m n t wtm Wen #f l» fif 


▼tltcil Cltll !»• WtltWCf ntlti ItlW 
ItlCll It I 

f^ni ici cutw wtitf ^ci fiitif 
lici ItilCl IWI ltd C¥tC¥ f^fi 
Iticill *tl Cfll lt*fl fClt» 
?lCfH f^lfllt¥¥«1 lltfl flfl 

ifc<l 'thii—cilitwi fi, 11 itii'^t 
III lt¥l I 

fllfllf¥¥ltl Ml Itft Iftl 'Mti 
¥tCfl ill ¥C1 fUl ¥11 fCl I 

111 C1C1 ClWftlll If •Wl ^ft?l 
ClltCl IC^lCllI llCll ¥tf Clti.'fll 
Cftlt 111 ¥11 flttlltl¥¥| ¥tl fl. fini- 
in¥¥1 ¥C1C1 1¥ 1¥1 Cltl, Itl Itl 
dfiClfl (Beriberi)! ll Cltl ICl C¥% 
11 I 

11 ¥11 fCl wtitcii iirl fl itidr¥ 
cm etficifcii ¥ti ficii lt¥Ti>i Wri i 
¥11 ci\ciitcfi ItCfl €ltl tititi 
fil ¥CHll| flfl ftcil ¥!¥. nflftl 
'lllCll 1885 lltCf Itf ftltl fiCli. 
VI fT¥ clcil MCI 11, ftf ICf ¥fl- 
¥l¥tlt, Itf, IM llfS|¥ ClC¥ ICl— 

11 «i A citci w nl^itl I 

fflficil icul ClCfClI lUl nitf 
Itl Clicn. Itftf’^1 ljl¥tl¥ ll¥f<1 
¥C1 Cl>ciltcff Cflwtl ft lltcitlj 
ijflicf ntWf fcn n ffw nJtpi 

¥ lltll fiftl. nil. Sf. ¥1 <ll¥¥«l 

fl«W I ¥^ft¥|-4 



IB wm'tnWfK 


^ n^r tw fTW*t I w 4^ 

m fi, It l>f wi nrttw jh i 

4| rttwt fi»i 4W1I 

sit^f 4ffJ| f5ff^^rflf 
cwM *itit«i ?t»ti, 4l nw 
nwiti I 

4? m citn ft, 

stt< (Polyneuritis) I 

41 >tcf itafcn cifinfl citwi 

’ICIW flC4 4ft4 1897 tirnf 

film Cl, 

Cfl41t4 41411^ irWH ft4 ClW ffCT 
4tl A C9in fit ffl > fl%tf ftWI 
tf1 ciw ftw 4^ nti cici III I 
^ni f«rr¥ v%cf ntitii ^titlt ¥t*i cit^ 
4^ Clt4 ^l111 It I 
41*n ^Iflltwi 1141 

d?|j^*n Htl« 41^41-1111^1 4ri 1901 
lkn4 flfl Cltl«tl f «41 Cl, ltC41 tl 
(Rice polishings) 411 4fl Intlfl 
4ttf,* H Mtltlll 4llf4 4tl4 ltd I 
til 44tCl| ItRCll ClfiClfi 4tl Itlll 
iftftlittRi citn cf 11 ori I 

4141 1905 tltC4 Cflfl It4icn4l 
!prt4t4tltCH 4f ^tTt«Cl IWlt K4 
flWlI 1%!^ 4tl Clt%Cll l-ft4 4l4 
4n41l 4ff4 Clt%Cf fWltlt 4flftl 
ftC4l 9t4 C1C4 ffCll, Uti ^9 14Cf 
ftm 4tflll 4t4 ftt41 4t4l 441 
1141 120 W1 Clt^ll IWJ 36 WWlI • 
Clfitlfll 1C4I 41^ 1811 4t CltW Itli 
CI41 141 %1 ftiN fC41121H Clttl 
4wr im V41 wt4 wi, 4ti 4ttw 


dtl* CW Itir^ff lC4t KI 4tll 4flfl 
4f4 4C1 Iic4! I 4| 4ft4tl ftfH 
1C411907 ^C41 

4| 411 114111 UN 4f 4N4N Cil 
4t>l 4tll lf«|41 CVfti 411 
C41tlftl 300 41 Hfif ^ ItWtW 
41C41I atflfUl l-iril 4tlfltlW11 
W flfl licit INN tntftl ftPKl 
cieil fClt 11:411^ 4ftfN ltt41 in. 
Itl If 14Cf 4tltl1 null ltC41 m I 
UN fll 11141 IWlllNl ft4Utflfrff 
IW Clfltlft Clt4 llNlllirC4 Cfll <K 
W fllN 1C41 NflfCTlflll 1141411 
4141 > 1'14 iflfCfl ttC41 C141 
N14-lf4 ICl <1411 1C4II 41154 <141 
1541 C11%I1 »14I Il4 151 WC4I, <141 
flCl Clftcifl Clt4 lltltl^fl4 C441 ff4 
flitl 1541 15111 4| 4?|iri ftlll 

4Jt5<ll 4NfN dflftf 1541 1909 
tItCf I 

IfflClJ 1906 ^54 I^Clf 
14^ff»r 4H Itffl fll4lt iinf4i 
fllfl Cl, itlUflf 4lf»5f llff ftff 

ftc^ntlcsi, fill (t4i4wt<x cnlN, 

414 4 W4—4| 41 nl tltftlf #N5f511 
4jll fCf ICll Ilf fNf 4511 4W 
4tltf 4^1151 11 11 VtfiW (Yetit) 
fifiCl fft4| niClCll fWflf if 
NUtlf 41511 

441 4511411 Hi 15t l4%rt|4f#l- 
icii fif 1911 littf 11541 

ffl (45f 441 411141114 *fff fill 
444 1544, W lillCll 4lHli 4wlf* 
cm PNNf HI 4il" 1C4W 
4i| 41 lifftl f4H4 4ff 4W fifl 





mm, ciftcfd wm tfw 
^urtWf •fftj^ (lit I ••^ 

^rti»f %ntftill Ktvr ftc«w ^ntw 
'Htnw I ntw ^ citoRr 
cn^t^n 

cflww »rf %*ff?t«, cf«m 

^tmvK tti cirfi c^ <itff I 

C9tn ftiw ftw 

cfti cff ttrf citni 

^•ftWlWI ftl Cf«r *Vitamine’ (aiTtftsf 
Vita amine - 'HTtWtf^lt^M ), 

¥tl1 ftH^l fft Cft¥ ft •ft^lt fff, ^1 
fiw ntlft ^1 •fii^ 

ftw <al nt^lf aitf« ¥cnp# •nitKt 
ffi ft^it cw. atft cn«t cn, 
^Rhi nzw nntatfaiti cal i »aitif 

afcwa c'^n cfi¥ *c’ aq^ilJaaf^ 

wa Vitamin’ iiNi5 affl ’«1 f:**t I at\attl 

«tfl nil ff 1 

«affr¥ iitTfa cwc-r '•>tw1*f <aa^ 
cfw 1910 c^¥ 1913 >!tc»n MCai 4}^tl 
¥iw Cf, fNn W Intffa ^ni, 
ft I’ftif TWftf WCfWWTtaffl 
<am fTtfntf «aa^ c®f«>r« 

• wtif (•«! fX^, 

mia?a11fc«^l 1915 
'tin C^tni ¥H^ C1I, *111610 are neceaaary 
fcMT ncarmal natrition during growth 
two classet of unknown acceatory 
tttbitaocaiy one aoluble in &ti and' 
tlic otba aduble in water» but not 
ifipareotljr in fata* ffkt apw 

^ TO C^ »«tlf 


TOtw^i ff—4¥ «*lf mti cfrnrM' 
gf^%i inn wnt m%i nwK to 
ffi nrtro^tcf cf If 1 

oil& cifn?lt< «ti ft<t cfHl 

. A, TO TO ar5>h TO 
Ilf (wltf|f-ffi fff m ffifi fwl 
cfttrt m cf. il8 

Intftwi ‘•IIS f« ^ttnl flcitfffi 
ft, fit atf cwfll IW t^lff-Bi i 
wf 15 f^tfiri ft, ftf cf nil toi 

fbltfff-B, I 

ftaiTO 'tff IntfNf ftw 

Iff f*l fff fWf TOfl 

wft fif >!*nc#f fdf ffftti 
ffK cm I ^ ftl f 1, fcwtfftf fRif 
lnf« TOfi sfi* fftf ffa fcfi I wm 
atlto f If TO (lilffkf 'ftPf 1 ftfl 

ftfftfiTO «ffltff 

tift I ftt fCf faffiftfli:! fCfl 
f5tn I 

Oita wtaal ftff cf, fftft *farf 
Iftatf fcfl c«ttl5a. 

fill (cf^fftO. W wfi 
«gfW« cfc«i ^ m fi, TO 
TO TOtffti tflfpisr fi fttf I 

fif tl*’ tfaiffTf 

Ifiiwi f'«i ftcil fcwf ffl 
f If ntf I 

wrTO ftatalK CTO fif fH 
cfTOt cflifiSi fw cftH r»ltfaf fCfk 
•ififfrt firf, fti fffe ftffft fla# Tjkrt 
Cffit TO11 '•TO*' 

mwf nai litcnt to c#ta cTO ffITOf 

fl f« ft! I TOt^ CH fnvk ftaataft 

nvm f« fiTO • 
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iwiwi w*wn 


jff%i 


4 


•Yltni « pnr^ w 
ttffct^nif "fft* 
ptflii m Wcp Pt«- 

¥ tm cift «iftw cwtcf f 

citn fi 1 

(fp«w) 

ww 

Wftt^ff. f«1- 
ptfT* s:^*i^, '• 

PlPt^fti rtwftcf^Ji ent 

ft 


W <• Cff«>f«ftlf 

itW 1 41 ^^ri’T Cft*f 

4f\ fIcii cit«r ff 1 

ft 

C1< •lftt< 

lift, ft 4 C*t%l C*ft>l4 1 
ftwf PI nft- 

ftfft Clft ftPttl ^Cf 1 

Jr 

• 

>fltPP^ Pttlf 4ff «tl1- 
WP fl 1 41 l|4t(l PltP 
will »l If 1 

C¥ 

II 

iw will tticw Wtftu 
ini irnt^ w wl 
ftWlWWW^ iWW 11 
fi ii{iiWFifti n in 
cfi^ 111 


(Pl% 

*ft«« irtf 

vr. ^tf. (Ilf, nfn^- 

•n^, iilnill, f%«itf% 

fnw, irtvf» ftftii 

tftvf (m tirtffti I 

cs*IK tWf irtfi 
fw, «il. nr^ 
Nrtff w I 

wt* 

c*i?, dt^itc^, ¥twtf rt, 
^Ttfwr« I 

wfnt 

flu*!. 

met 

•itirtc*idi| fw^tf^if 
fH 

njf.utin « wtw ^f, 
^f9*l, cpI^ 
« ftf » 

pnb 

ff^r, t lNyf c> t 

^vitf^i 





^mtvn •rftc-rti’n ffw ^ 
fii,TOf nn «fwti^^cw¥firftCTi 
«if%f vrtf^fv fw m 

<wtfN fw ?H f|3i m ^11 f 

mwfS 'iftf^fti fwi 
(Gravity waves)! 1965 ^t|^- 

♦t|sf tti ^tKW wtnfVf^ f »irftnT 
aftv#-witwi wfvtyt cvtm »cmi 
wti ^1 nllwtifiv^rw «wtf^ fi nm 
fw fn vrtt»r i%9K>twi ^cnlwfwi 
itii aftf< tm aytvil 

f ic« Orel vfrta4t>ii cfW ca. ^ti 
vt?t ^ittpw taii&i ria^ia wii arntw^ 
«aa^ %\ fic« fiKi^ ilftfah 

cvcil (Gravitational field) atH <rvH 

wwai awar aatfah ct»* 

w ^tev, cftlc^ wffaf« ani 

fivtfaira wjtfaf« atpi ftna «•¥ 

l»tftf« C»|tfCT «CTt«Tl witftftf 

mftW aifff"fulfil- 

awH ¥ifai f fifSr ^‘lai wti ctm 
CT, ^ TO TOl fftfCTO fwtfaim 
imW^ TOtiW fi, TO 7C^f a<t^4h 
CTOl TO TOlfWl TOia V WtlTO- 

if5n nfiafiw toi toi 

TOlit trfi TO ^ «<*»- 

^ WtCTl ft Wf 175 crow 

Upf TO* 

TOH« OlM 9 ltefl 29 cf atti Cf ffS| 
^TOl1<TOTOI 


attla^tilcai farti artcnlroi wf 
TOta^ a ic?f TOm tafwfi af%- 
cacfi >rata i tow f »raaB| aatM 
ffCff TO *f1TOf 

TO aca ica ntwi to watpt ffli 
TO w fttf atwtwa ca, cTO an ina 
ff^.fli watfi ^fa aTOa-fiwi 
araftaa faatf wpw n ca^i <afli 
tftTO cfiit atf I aft twflcai acaj 
aataia aa a ac»n aifTO «ftf 
10* *• I f iitt viiTO Iwfla 

cacf ca afsatl ffTO^af^a wif fa^ 
art, aat¥<“W fta wti *aatf 
l0-*» art aai TO aataali cfiif 
a^a aca wttatrta Hfjf wUN cwi 

aa)¥faff^¥ (Field equations) aaa «*r 

afa ¥caai ai^fi atPlfiaTO TO- 
a^af^f cfi a^lvataa wffa i «acacf| 
TOaTOa faatf wa ca» aft¥<^i la 
ff TO cac¥ «if flea waa aitfUa 
arafftf fi I 

aalficia cfc^ fta atfca« aata^ 
w ¥ wacfa atai wail 

Sjpiw fatwa^ wiia« TO aiai wtata 
(Electric cher|e) rt aiftiaf—aatarf 
¥ aTOra, Iff *iati<l ai fa fatal 
aa^^ai faftata aw caca 

fMw aatal-fiff^ fttata^ arfwaai 

• fal#-faa«f ftwff *, wfil^ ft. wa. ^f 

TOW, cTO^a r 





(Conitructive inteifertnce) fci 4f% Wl^ 

if% ntpri fft •> 
W'i 't wtfM *wtnfifi 

rtt¥ ^icff nfviti 

w* ^tin 'iitflwi worf^fi 
Wtf W «fWc«»« 

ftlTftfl irt«itwf ww 

Wifi w; ftart^ 
^]ifi¥l1 (Destructive interference) 
fcf I cf<n ct, ^wrnm 

nfliiM untfc*»w w cvf 
ctH vwi w niiHi fni iw i 
*jS1»ptmii «i 'll 

f 11 «1ff ii*nii I A ’Wti itlK'Wt 
C«f« •IHII itii 
1916 tirw f»csrf Cftar 4 ^ 

uri'i frai cwm tfi 

i'll >i?lfini nntm fifi I 
ir«« •! M, Mr 1 11 ^ ’|<CT« 
cut w ff. w fif#flit ^ttif -rRM •tftni 
fCi P- 1*44 X 10“•• X Ml*w* I "nU:! 
fwi wf vi«fft V itwi 

41 ten flftfl'i nfiitl ^1 

ti^ f 4 1 mvt wWc«ri 

itici c>fNt« c^fw f«c« itii 
otW’twH ifi ?l« itM Cl 
csntnl 1 icinr t 

ititcir c¥t4 ntfk^ iwc» 
Utltl-PtlClW (Neutrel) cHl IWI *|tW 
c4;i «ti*nr ^ W tfw 

1 % Cl w w 

wi, «ti *K»i w fci I 

n^d *iwl unit w 

MW ntfti lltft-MSW MIW 

itm ciw ntci I w '^cm mm wm 


twf M cmA lit# 4 -wr fW» fci I 
fH Mi Mtfi nfiiM fti fi; 
¥til f*i4^ iw lii^f 111 MlN- 

f«ttl < 4 f M ClTf Pi<» lllf#- 

Mw 'Mi nr emw (i<« ntf^-MWi 
fci w ▼d dt^vicM nfiiw 
«ti riv ici I UK IV ill tmn fin 
i«iti vinpf ifiiti vcvitcfjf 

fci lit kftfiiif*f erwjfU 1000 

ffcittin Mfifii 411 A Ki «r?- 
in (Mean separation) 1 fi^fi Vfiftf 
IV ^ iff 1000 H-z-(vfi cvwrv 
1000 Iff) mtlf 41^ 1 C*fj^flM 

MtCi fHv fi, Vti lftl 4 -vitvi 
1^1 ifiltl fCl 10“ *• iiU^i 11 1 
Iffil-Viv 4 vf?v^ii\w Vicfl 
fidlin (Detection) cVCll iKu f<V- 

1 I 1 »41U vtiti-fticnv ivi full cvti 
vtiHiv ivi ntn itii* it«i citi 
itcif vfvt-cvwiifsitnv« mi fiv 
iftf^i wcaii ifiiti 44rci vn itci 
If i wtvt iftiitf evt* VlM Ml K- 
m 4i|irci iHv fci, Ml vm 
111 ICl 4l| Itcifl I 

vutM iwitf iifi<-4iw fidun 
Vtcv ITV Cf 1 10-12 lit 4 tP! I Cl Mi 
iftiiil vcilfcii itfu MCI itvfti 
fiTCM I fiv 'eciiti Cl Wf MM M 
ici vm viitii I iftii-w fiiinii 
vtv 4 fil fSici^ cititffv fv initf 
vni I f 4 <^ ^itififiitcii Ufl I ivli 
Ml «ti 1*5 f^f. utl 0 ‘ 66 fllfl 4 n 
Vi r 4 xl 0 » ffUtutii Ah Ml fi 
vntf (Fimdainefital ftrevutney) vclt 
1661 It# I cftili vnww Vfl 
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< 9 f«ifi^,i 9733 mmmn 

<<Rti Hit , nfwfifti fmft itHiki ^rtlci cici fMifllci 


i tl i w i Wi Hftit tnHHi citi 

W{ci^^1|itfWti1(SiipenKMrt)3 
fiifHPH (ColUpse) 1C«! m »W1 HtH- 
W Pi<l fl. WIT Cl WlPl I’ltfCl 
CllPll trill 1660 ftC^f Itll- 
itfi I cin nti^'W nfrt tn 
wtrf nfi^ if» in n fi>i 
HU fi «rnti uni iw wil H 
tWfll, 11 If fii m 11^ nifei 1660 
If# iHUn n^t^y iHm it mi 
iHcii ftffi 10"** ci^^fttrcn 11 fii 
fltf CWWJfm fitfl (Strain) Hfftl 111 
fufv fitf cwi nil ici iwtf 
wit fnrit^c*iit,i ciiti (P»*o- 
clectric crystal) infltl (iWl I PfClI- 
Iwilll Clltllfil It^f 
Itfifii i-nci intiffi wi 1-icn 
t5 ^Hli Iwitfii lllftl 
ityft ii wrii 111 iitf Miw ifiiH 
111 fi I citcii itiiTci lit in !lti 
df (wni iiin ifiti ititcu critci 
lit 11 itifcU icii iffPnifci 
cititwi fii 11 in lit intfi 

mW (Freely) lH» ICl ItClf 1# 
Hltit 3047 nttfitn Ilf Ht 2133 
n^lfiln irTHCii « wti »irftnT 
cftitci fn mti itii fi, nti 
HI lit Hifffli f m wr 4tii itci I 
Hinfcl Iftcil CW H ITCI Cftltl 
tucwifci fipii uti n itn, cn w 
Hffti iitci tnjp if-tmlftii 
CAfilMHtic filter) t*ll iftCTI ft I 
it 11-fiWlll iftClt 11 mi 1«- 
fWwt WflfCl til HTl itn I *ff 


im it nm fw Hitcfci ctitw 
ftflt ftn Hit* ifw t«i iftit* 
111 ifiiwi w iw it tffilf iHt 
ficirtwlll Cfltwi Itll 

im rrtifii tm it ci IwilPli tiw 
Itftnr 111C1 tf^i .{Amplify) 111 ti. 
cit tciilfii itti twin twi>t 
1 Httlifti iHt ltd firttfli (Detec¬ 
ted) HI ill dttitw iiffti lid 
ti Hci, n wr Iwlf^i niftci fiti- 
itni itftw ti It ititrnn (tni 
wi flit ciifiit)inf 11, inttwi 

itiitittii ten WTi 1 Imltifii 
Wt 11 nt ct, m Httl (Intensity) 
tlfl^-lfCll 111 tt ttfClt IftllJl 
erti ttft I iitlf lift ftitli (t1 Hi 
fit?) (Sensitive) lt\ it CltCil ItCfri 
10"** ciftflttCll tl ifltttl ftlll 
lid ItCl I 

itittcn ii)in HI wni til ct, 
tltl4-11Clf t^lll tcfl til cm 
1^1 etti titi4-ni Hit tnticti 
(Milkyway) fyf Ctll lln ittflff 
Htiitfii ciw mil iti titi4-ni 
If ftnfli fli ctcii ifjs. mctfttt 
(Cifb nebula) fll Ctll Iftd Ifll I 
r«i inttitf liNn 11 tiftn iici 
mi ct tfiii-itVi eritnrt, ii ftctwi 
mi untfii ciHil titif-imi 

td fti fiid n I 

Ht HI fill il ftifi nfittt tilH- 
111 (bitit HFftd fl fdf ft 
ifitll tffif-w it fd fw 
WI Idrtll wn 0 W 
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«raitw«ii ^warrt cwti fti ci, 
«if?rf 100 ifcwi <it> 

I HtfW cw fW Cl, 

•inri t^w« «ir»ti ^ifc^ «r wf 

^itK fin ^4^ c^i 

••I cTOi ft »nt^^ W i «1 W 
^l|ar vtifl (Neutron Seen) 4ft irt^ 
CfN (Black bole) I Vf 

•Wf ¥tlt¥tf| 4 ft flt*r 20 cftv 30 
ffwtffktii Mif trtifi m 

fp ficf fiffi I ffktf 

4tl4l CtfCf fftf^-Wfl 'ffpi 

ftf 'fClfttfl fltfJl WKM fCfl 

fll 4ff Cftn ftf, Flf cit»l fftfl- 
wff ^ fffi I vri 4ti«r iJtf mtn 

«#tlwi 4Y iitf cftc«w 

ftlll (ffl ffWl ffttP^-CTOl W ffW 
dtf 4rtf1 Vf-r? *11^54 W ftl¥,W 
fiti fftf 1 -( 4 CYf ftf« Yfi: ftfn ffif I 
CfCf titf¥tf^ 4f f 44 4fYtl ff, 

fff 4tl fftvf-waw ftf 44 Cf% fCl 
•flY Cf, 4rtftH Cft¥ C4tf fitwtfllil 

4if fC4 Ytw fi I 4|«n:f irtff 
ai;fC*W 44 fll IltffCftlW 4tftlCflk 
f4lti 4ft cfH fkfttc (Notflunioout) 
f4ftl 4tC4 fitffi CffI f|W f1 fW« 
44Ji I 4ff€ fC4 ntt9 Cf. 4tftCTf 
fjMtfwi 4^pfi f4 «ft4 cftf 4nn 
fitn i 4ri4ti Yifiicf 1 YC4 ntf cftn 
^9 f m >lfl ^f111 fft4 €ft4 4ffl4 
fni 4111 IIIY Cft>l flWl 111 Iftff- 
41 Wf 4t fW ftwi f%l 4111 <4W 
(f|^%4tl4(l 4l«ttI»i4fl>!M« ifN 

ff^ ICftMi HkFI 


4445 f|ti4 4^^Whl iflWl 

lt411 ftW fl—4441 414 4c4llNr 
tCfl f^lW 4ffllM||N 414 #R#14 
H4t4 fftf 1-414 4M4I 10-*» 44 41 
•rfwH 4lf4^f^N 414 ftlll (Detect) 
4114 1411 ^ 4tlftrfl lll4fl 4t« 
Ift4l*41t41 114 411 C4tl 4^4.- 
f^i 41111 4(4ni 4ft4 irm fif ft I 
4ein 4tli1 4| ftltH il4H 1X4 
ntft Cf, fftfi-4frff it fi il ft 
4C4trf4 J!t9 CftCll 1^41 Cfi (Merging) 
fUftcil 

4ftM 4tf 4ft fffl tcif 411 Cf If ft 
4«rtfftf ftffi Cl. iff 4tfftlftl iwt- 
Kfl 111 IfKcflf Utlfl Iftf^fltll 
44 fl, 4Cf Cf flCl fflfl-flCll 4t 
1C4I, 4tX4 4tft(:fl Utltfill 411 ftf 
111 10* fH I 

41 tiri *ltci llCl Cf, fftfl-414 
14lt iff 4l fCl lft^1l4 

4t£l. 4Cf *rft^ 41 44l 111 

1114 *ftl1 tffll 41 ft fH ftllflfff 
f*4f Cftf ltf)l fiWtl HfClfflCW 
ItCll 44itf 4| 4111 ^Nttltl 414 
ntfttklfi ftci ciflirti (Marflaad) 
4ft fiftCltl itci 4)1(111 (Argoimc) 
4ti1i nlMitw it Y14 ifti 

ft I 4| il itiii fif «rti lOooftcK- 

(^tll 4ft C^lCTtf iftl 4 t iC lt ll 
4fft4 ftcucfi mm dftimi <4m 
4111 cm ftl, 4llClll C4C4 ftUHf* 
1(44 ciftim# 4tit 4 ciftmirM 
ftim4 D3etcGior) iff 4^414 14 ffltl 
HH 1^ Wfl in 0*41 C1C44I 
fi4K iifi44t 
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iri ifc fttf nM-w «1 
•fftii ttf 81 f^sif 
ft irfWl ft ftctW '•CWfl '^t IfW1 
(Coinciilence) •ffT fCil 17 
Itm If I ftfffl flfl Utlt fllflJ 
iintfi w fw I 'it Ilf wtii 
nfiiwjtcii IffftiT fttiffii fci >€(1111 
^ Pritif fi <1, A w n- 
ntn ftfPif icf ntri n m 
iftftfti cii¥ umi iitf^'ffw f11 
f%fi ft!I icn Cl, ^ ft fiffi irci 
ftlf iftf^'flCWl ^ft 111 ^t 
II fHtCll If I ffl*! fill A 
Cl, fittw A Itfl w 

n If cfti« ntftifif fim ftf in 
itci II, f til If m ifcii w cicf 
flltWf Itltflf (Shield) fci ifH 
IClftll 

^fltl Itff fif-ltcfl Iftfl-w 


fiiltii ffci in I Ilf If nn 

cifwi ipiic^ nnif fintci 

irifti fiiti fn ifitfi f in in, iriif 

lltfMitfl ftltlf flltCI iTIfn fit 
CICi *1111, ftW IfCI Itltl H ifiimic 
activity cA Cit f 4 if|i feilCfCI HI 
iti Cl, ^ri f *fM1n iitf^-wri 
until iti iitf^-iiiH ffiim nn 
11 iti f iti III \ 

I^CII ft! fftl fit! tw m 

fcitfii fiitnf fciift 1^^ 
ittri cm ftif nnm 

ficii ftt II, fiti nilftitci iitf<- 

Iftfl t<.ltfl 1 11 flltH ffW 

fflltl^ I ft HCl #fl HU ^1 
fCit fill tfs citill nf|— "We 
must be able to generate and 

detect gravitational waves in the 
laboratory. 



'stijrw 


f%f«i 

«\rn¥ •fwt«fftn itc'i w>®, 
>|t*l’rlN, 

I ••I *1 

<it®^ c’Th ^tw nw «rTii| 

fi»rtic*r ^tr¥i W'« 

^1 ijni^ » cif<n uti i 

<1^ m (Mineral) I n^ <rftar nn< 
mf «rcit®f^tf «riiR »ii< *«i. 

^ ’ll<t ® w»rt«u 

nuw I m >1^ <rPi® c<tc® cftJj «it5 
fii..*f, c»it ^ 

(Ore) f»l1 9% I 

itf*\i. fif xm 

nfiiirci i 

^tcTT« «rfb^r«¥ '• •iftf f^f«f 

ft>id ww\M nm 

¥ti*ii ^iff^twii cfri^r¥ftc®i 
¥t« ¥C1C1*» I 

¥ifffif xi ff¥ 

^ fi f«r; •itt®! ni c¥t¥ 

f^ici X’ cf«ii wii 
<riw ^rtwtfSrw (Manganese, niff—Mn) 
¥irei I 

inlftf^w «tBrw 

cf fftw •nrK ®tin «rtft®^lfifi» 
nfli¥tci inti. vnrtf^r®! ft ¥ c^r^fin 

®(f5i¥i tfHn fkn^i mm •t^i 


¥t«¥ cni ¥Jt¥tf¥®f ¥ I 

ffi nt n* 1* U%m ?tn¥tit 
¥fl4f¥ 1tlt¥ mnK ei¥J» til ftitl ¥tirn 
%m Itfill ¥ ClffW^ *111, ¥<f«* ¥tl 
<W1 ¥1 ¥f¥fi¥ ¥ri«i:¥ 

mi^w ^^«f-f¥ ifi ntfrty ¥wi 

¥f^tat¥1 •»tt¥i •!« 1953 »lt¥ ¥tfl¥l 
*0t¥tf3rw wtili *fe1 I m ¥ni¥ 
«fr« 1,9D0,030 li ¥itftf^W Wtf fi¥ i«r5^ 
¥W ®tC¥ «rri 29*5 C¥|18 lt¥1 
¥HI CTfl c*rci» 

¥t*ittfi cwn ISO ftftw ^ 

*IIt¥tf^¥ ¥T#fi¥ imil 

mm, ffcirti «itf 

cwtil ¥ll¥J¥!pi«l flftfl C^ tm c^l¥ 

uwcf, mm «l <r¥C¥ ^f5-i’ nwi 

it** mm ntn! »rt«lf¥¥ mm ¥^t¥tf 
¥tl¥ tmi C¥, ¥tl¥C¥ ^tlWi ¥| 
^win. uFti ittc® m 

pii stnfw cifw ¥i¥ iin ¥ti 
<rnt¥^ mm eiti 27 mw tm utwtftw- 
¥t¥ft¥ I fefil-l* ¥tf^« vm ¥| witu 
firct ci¥t’? 40 •!¥ Iwl ¥¥tf¥:| *n 
•ti¥—»iit¥lptifi ¥t¥ft¥ f¥icn nmmm 
¥Cf ff¥tC 4 irr¥ft¥ «I¥ tl ftf* 
^ff ¥ff f¥-| f1 ¥JtWtf¥C¥« 

^n¥WT f mtmmxmmumm ftfinn ? 

¥¥¥ f«¥Cl ^twtwi ¥iri c¥w 

♦ WR ¥ffftf 3 r¥ 

i 24-nini 
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<»i f iw i ^wOTiri fiHtw nlM«ti ^ 
?wi 4tcf >nn %TOt >iitfifJTw w# 
<•¥1 ^Wt55|t ¥11 ¥W1 « 

lyfWlf^CWI ^¥rf¥>1V • 

¥rtfi «rtf«—c^ >i¥«i 

^f¥flC¥ 40-6a9& ^Jtflftt ^¥11 ^tl. 
C^¥ftt¥ ¥rt¥lf5¥ «ff¥fi¥ m I ¥ff 
C¥t^ ¥[f¥fi(¥ 10-30% UtllJI ¥«¥, 

¥TC¥ C¥¥r¥¥t*f Wl¥rfl¥ 

(Ferruginous manganese ore) ^ff 
¥tf« Wft¥ SgtffSi ¥tC¥, ¥C^ ¥tC¥ 
llt¥lf«C¥ltn '¥t¥fe¥ (NUngani- 

ferous iron ore) I 

<rsf¥ (60-63% HH¥ir^f 
¥tC¥ ) I ^n«tn« « n¥¥ «ltff<¥¥f¥ 

¥t^l S^UI, C>l«f*l (63%Mn\ 

«[rt¥t¥tl^, (72% Mn), fs(X*Jt- 

few (45-60% Mo), ClfC®ratt * (42% Mn), 
cirr®Ti#t»»tl^, >(il¥tf^¥ (ga Nitf»r i 
¥t«r*l HtWl ^It¥tf-^¥'¥t¥f«¥ 
60%-^ ^Tl «t¥ I 1620 

«fU¥ NJt¥ffK¥ «1f¥r«C¥I 

iff¥C¥i «Jtaii gti I -5) ajcfi»!i 
¥fl,¥f¥t«, ¥¥l*l*tf C¥»ltl¥ «t5-l 

aifftf^W ^t¥ft¥ WU ¥lfltgtlt¥, 
C¥t¥t«P, ftftl. fef¥¥1. gtVt« ¥ ^4l¥tir» 
C¥n nfMfCI ¥Jt¥lf^¥ >I¥t^ 

ntaii cnw I 

¥gtl ¥t«¥i llt¥tf^¥-¥t¥f<t¥l 
fiffppfi ft«lH ¥¥1 
¥rtc¥nwi ¥11 gt* I ¥#1 C¥rtte ^¥fff ¥ 
^¥ti itii cifttiiH. iitwrfiiai ^¥ti 
Wrtw ^ >R¥ fltff¥ tawl 

(Geological «yitem) ¥t¥1 >nii t ¥Cl 
mttll (Dharwer) fWI HtftflW «ll- 


ItWlUltlWI itl Cfrtfl l¥i|||f¥ 
^iti fill c«%ri ¥tsf ¥tiw I 

( ¥ ) ¥f itll (Kadurite) Ci1^“Mt¥ 
¥tl*ll g[cfefpl¥ Hltien ^l¥tl ¥1C¥ 
cm Itl I ¥l¥ Iw 

dll—lTt¥lfa[W-miW^» 6ltC¥l- 
Ifl^, lJt¥ff^¥-^tl«tfill, IJtftfllP 
siitNii it^fa «tii¥ I fauntilci «rt« 
wtiff irt¥tfi¥ fnficfl 

^tcii 

( 1 ) (GonJite) c«l—linfCfi, 

l^rsti^ •ftiill «t¥fi ¥¥£1 C¥*llf 

Infifii ¥11 ¥tii cici I ¥t'^ fill 
1C11 «ftbfl fi*lt5C<l ¥¥ (Clastic 
sediment) I «!(9 e|tc¥ fifil ICI 
fi-SICai llt¥tri¥ ¥ ¥llltll ¥¥t|¥, 
Ciafl ¥ll¥tl ¥*1!¥f«¥ inC¥ lTtWt^t¥l 
fsflt •¥l5¥T¥tl ¥t¥f«C¥ i Clll—intlU. 

ftitailil €i¥f«t¥ • iJ<ftfi¥ 
¥irffif t^ntici latl® ¥c<bif¥¥ 

fl¥ ff Cl l<tt*l¥1 ¥¥1 Cl¥11111 

(*1) 1[n (Lateritic 

deposits) IWI lieitl f-fl11 •rcit¥ f 11 
¥fll ¥¥fi C*lCltW ll¥fl flltl nil ¥ 
itinfin i^ifai nfii^cii nr fici 

IClltCfl ¥ir ¥t¥fl ¥t¥fl¥ rnt|»l, 

¥iini.«. n^r* ¥¥w nt¥ii iti i 

•isafl lltwtriw ¥ ¥tncn ¥«fl¥, Clll 
—iVredenburgIte), ftlt- 
ntflll (Sitaperite) fcn; IJtWtlll, CW— 
ICnatlll (HoUandite)f CllC¥tl¥(ttl 
(8eldongrite)-¥Cn, lTtWlfl¥-¥iTtf¥<n, 
CW—I|f1^ (Winchite)-itn; irtflfl^ 
¥¥, die, (Alurgit«)-¥fn 

fllil «¥fw ¥f¥ftl ¥«¥ ntll I 



28 

vtflfm ftfHwi wrtf!- 

nintm: « cicf fSiftftii 

fi1 ff, «tt« «rrci 0iim: nitwtr^^ 

«nnf^f3iit*i fnftvi <rff« i 
fWtf WIW mt^fiWC9 
tffi ¥Cf « vff cf «r<tcii ‘-sf?- 
TT^^fil «raFn* fit ti 

(m< fi») I 



ln% ffw 0 cit*Hi Jiffs fine'll ci’^ fnci 
nvtwt ntwi citnti stnttn c^^fBn«c* 
ntftfi citntwn w 2n^{8 jffTfis 

f« nil I W atffSfj ^-itci 

fitffiff< cffw cni ncf 
f«w fitiin ^ntf I ftii ft I «tl 

jff citnti ft! 'ftfftf 41cf 

nfft! w rrff fcf ft! I 
‘iini "ntfSife nif^*! 
fi (2n*sfS«)i «•! nifit^ «»tff*fcf 
fotnLfffniln*jt<« nif fnifini mi ji#IS 
fllftl (Fite clay) n<« 

aifUMI «nn (Swell tnftftn vifnri 
(^ cKf tnw niwn aif|nffn cifiiti 
nti-^«tli (BaCfc) f irrl’sfifniff 
dw vm HTtnjwfHim '•tew ntftWT 
iftei cffiivi N«nmWwtn 


(26'»| If, il %lfn 
fii itie« nfiwi fwi nfti 



ft!R nffi mew ^ei fii HI flS 
cii^tijS f<«i I 

^Sntilv fifani^tf itniifjf nil- 
fiini irii tiftn m w* 3MnO,+ 
4Al-2Al,0, + 3Mn 

iJtftPwf flu f '»tf IJWtl-lltft^ff 
icni ^n« ’fwti.v ni*i. f• '•?! 
ifU I 'll nmii ^i6—i2f0* cn: I 
ftni fifTitf ftulS cm nti\. ffi jic'b 
cfH nffffii iTien (cwi—ftfn ) «m 
^ nfiftcn Ww null ffi< 

Iei iti I 

iftfiffeut nfnitn « ^enniiwr 
ijwti i:«ii Imr* frcii 
Imtf fp fiwnf iti lief I <1 
ut^li l-nt^ '•tl *1^ 

fic« ntw I «uef 1 nw miftPiu 

citf fien fj n(»ri Hitw iif«w 

« ntitu ffifi 

mtftfifup fmte^i fctfif tcrtcfWj 
iTifti cvwi fw 
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W '«r» ’It* l'5-l'9?g Mn «tt^, 

«i ^«ltCTtftt"i « c«itc»twtlN 

c*l?J ^t’ftfti IV. Ivjtff 

V tt>c¥v>ntw*i vifii* fii 

dv dv i’8% vtcv«rnit*^i 

cttfe cvt^ wtf^ ^’Ifcn 
¥ttv ■»t’rtpi1 ffl «vl{ *ffi^ — 
11*13% Mn <itvc«i, m f<f« cwf^t Cl 
nv itv If ¥«ti *rcitf 1 ff, 

ClVff ( CW—cifiitft, w 

(Jaws', Cl*l*ftiN VI, 

«iffv fff*n4 ftlit ffc* 

IJlltl 111 f11 

vtitfi ’itiv veil «ffti l-nti »'fi 

WtCf, Cfvfll Ijistsi ; ells’— 

CWMJtftflf. ^i-s ntn 

iMfH HfCS, ITtllftf CiWl 

Iff® ffC*! € *1111? ft^fls untPs 
lllfl ffl vtft?! C^J(W fluflffvc* 
ITlftflf Ijlftf HW ^1 «lfsv cvtfiltl 

V ffCif 1*1 ft* fCi— jjI 

ft^f |"nn:M Cr, 17-19%; 

Mn, 8*10%; Cu, 1% I ItfllBtff ftCf 

tf irrtfi fMtci utfifii itif iff 

llSf f fCf Ittf I VtfifI Utflflf 

c*tf, iPif iinif* fi^fd V ^tl^tfifti 
iiiwtfif iTf* iti*if If Ptlrw 

ififti fit ff I 

fitt iitfTficff ftfiH tcmcftfi 
c^f f cf fft • uiftcn #11 i#i ir# I 
Utfl^f vrl-ffttv (flf* MnO,) 
—ftwi «wi ^ ffttff mlcit*®: 
ftlc^ ntfti itii wd vfd 

ftlf JW fl «t« 'wti *tfi 

ftev I 


(1) ftcH fiifti *i iJUti 

ft# Cltfl ftllfl CfH cfti, 

ftfW ftTH ftld ft *Cf 

cfftn fif^wli tilfrif fCf I fit 
ftC* MnO, citf fiw 1-ftCi ftCf ffl I 
fd cfitf wtiitf cffif fiffi 
ftfi* fti fiftf ftsdcfrtfici 
fciftf* fill ffjr lu fH 

Cl iitftfif fiffCfi^ ff, 

ft! «Clflt I fflCf Cfflf ficif 1^ ftfi 

ffj—ii| MK *fi«fc« nfiriif t fHtci 

l4f^l ftf *ff w I 

(2) (Depolarisii) 

C^ftWW Mri0,-»<}1 fff!l< fflfl 
iCfCf I ffl ff *ff Cff’ (Dry 

cell) fll hffdf-H, cfl*l» ctffCftii 
« Cflff«cielt ffl*j| iriff ft«f I 

(3) c*iititi\* "i^tPiiti cftcilt 
citf ffwcfi fflf 1 *111 MiiO* witf 
«cn ijflff fi I ficii ficii fliff ftcf 

flfiClfl fij (Drier) fflfCl ftf ftf—■ 
flltlf f i IJlftfl fflttCff 1*11 
ftltfl ftltfttftfflf fItflf Cflf Cflfll 
fftff ffl ijflftf cm itf I 

dfifi* iHfti fiftf irtftfitffl 
ffffff ff* fcfltf^i cih. till— 
iJtf Iti^, itflitif ttl^ liTifl—fii ff ; 
Itfl IJtftflff IJtft^f 
Cltf flf fit ffl I 

mffltl (flff KMnO*) 

•ffd ftftflhi iitfifif ci^fli 

cifit f»i ft cilfIf ftflf arij fintti 
iffijiffffi ftitfi— 

I (1) ilfi fiftti ft iffftf If ffl 
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cfc¥ wf^ff«I ifwi <«I5 »r5itfi cnv9 *ttri i cff?— 

siHftf fit tW «frcf I (C*rtf» MniO») w 

(2) r»lf, Ig»rtl (Pigment) f f 1ft? ’PtCif 

f 11 ff I r»ffrriH, Cfaftft? flTffWf filJ fTfftf f 11 *ncf I (Amber) 

•fcim*ltft5f« cifwi fufcsie <«« iTifti —C5ltf¥ (HyJrattd) 

cf?i wii I mult®! ^cf fHii® ® ffiPsp^itwi 

(3) fiRnr it<Tfifif f«r»ttf n^lvuci c*!fff ?ill® fiftti ’•’ft ?ci cntflw 

(cwi<—qrtit^s, ciNtt® ) 'i itft^ ««i •*! iff ari)^ ntfii fti i c»nf? 

nflfti fifnti (c^f—?wrc*i^ liitff) fjtftfff fiwfe (MnS 04 ,7H.O) f)^n- 

fi iwti fftfi fittf I Jii •m f cWttf. fww f mf f^cii 

?tlli (=11111 fiftif) iriff ?ii irtwtP=twi fi»m wn 

(Double bond) fsitl»flC*l 11*? « Ulfli I Ififl® 

I n<ttfti=»i cfcf ifi iti—ficitfill 

lltwifftwi utif ftlf{5 *1114 <1 '•fit®! f 

mil cik’fi ^jutcii fii ?*i ffCitnwff «i''f<a<?fifi f'CinttiI 


(3^ WCV Ctf«t«9T}9 ^ 



cif f cffwcf 'itf cit»n#Tlffit^fftifi iff fffw 58 mn itf) 
1 S R N 6 n\i9M ^ itto fH OTI 




ffl wrrit^ *if««?« ’ntf. 
l^tWft? « r*f. ^tf. ’•’T. A 
ftttci^—urcn c¥i?tf 
*R«Ti cfar»fii ni c<rcfl 

^icn 5t^ «tj^intcn 5ff3ri fff 
^fn ¥t« ^fi« <11 

»itc«i nt »«^n 

ftirt I ni f-fitff 
n\m «ti win 

31TI certfrwi wfiu 
^tw cif-ttfti ncir 
^fW wri wtii 

«<an »iir«ri icitf i 
wntcfi cfpii •» cifi ?5 nfi 
f«f « ^t^ «ftf fft « 

Ufkt c% *wv cfci »tfii "iicf ntm 

wi •fteimisrii 

>r^c# ’iTrnfwtcf 

4*rti cf, iti fR in ^fcfi twi nvt- 
•rtf ii^cff»iw fcf icici I ^i*rf 
fti *rp JwtfJH fm«f« fff^ 

w»tn wfw c>r flOTt»r w« *ttf« Pi • 

vfT ni ^11 «•! wt» 

<ltff«¥ *l-nc# WM fUlff I uti 
t» wnv fn itifi Jitffci, 

ft! ftftf <ffiFffl fffilf^ffMf Clll 
TO. ffcwtn iirrlt ¥ii croi 
«l(5rci TOfll 

(fW fit 


llf^, W *<11 

5t«» Cft? C6ll ^ttn Ml f« Pn •!« 
Hfit f^pBi’ii»i-M«ii« nficwi 
5it^i •i«‘ti ntcti irttii Wf*Mi 
••n •VI mn\ ^cicti c*!t«t «itCM 
5^1 -tM •iurcwi v’litficfi wj 
Jiif c*iHj ffM • 

Min itffiii: 1^-f ifi TO ^11 m vcf 
4|« nfiitci citl cit^ Iff 5fii 

• *inM TOH Wlftl M I 
•titcwi I^V-lfWflt •CTO *|«irv 
ficil itilWnT >irf*!T »lt« VCfCM I 
^t«i icliwi «rcTO fc« 

ffsiMrc^ utin «nr«i<^*vwi itffci 

csii I •i vw *fflitt*i. 

•t«l WfCM ItCll ftfl *lt«11 ItlVIl 
•ifvPi cfrftf •til iiiitcv 

toI •fiitw •! irtn IctfTOi 
•f«n •rt«ii in. Cl vw *<1!? TOfI 
f^iflltfi •jtf ci>i Ml m I 
fftfttv cw fivsn ii •fnvftv 
mfv MW Ml M. lllfl cvxiv 

OIM ft i1 ffCM TO^I. vl. |CW 

• nffi wn Clfsil ifcfl Mtlilft 
«iM • ntTOi n%ff *1 f 11 w I 

ff tftffncv M ifi 
«vtf« (ii«i 1 Cl ww 
Mai •f-nmCM CVCTf ffl- 
•ncf Pw «WM 11 MitlCM lt« fftl- 
•tw filw TO! MtlM Ml Ml Ifi 
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(25if 




^*ifi () nmf^M %it« fww I 
jftan c^f f fR^ircf If ^ffitiwi itii 

I<1f< ftCll WCf 

flltf 1 fiCfl I 

^v^ wTi cf’r-fn ^f5?i iiwi 
nwin ¥11 fwii f^r*! net! itm 
Hffi ¥ •fffci-r ¥¥ifw¥fn¥ti 

¥W UtlfCfl !«*¥ Iftlicfll in lllfl 
wif ifinwi itfinn If Ml ficiii 
ftfli ntffi ¥ lien iflmwti^ifi 
fiiti ¥ci iti iiiti ifiiti 'in Ilfn 
3h70 ¥tl CWl ICl Cfl! ClCfl Itl 
iiitf fifl fift 11 ciWi 2»fi< cfei 
^i¥ V ^ 

7-6-18-42 fl^n 2fC^ff Cl^ffCll 11 llftl 
•mil irntf Jiii itfn«fcif liMi 
in n^ti ifiiti icii ifiitw itf^ci 
fici intiT f n nr i 

^11 in lilt* ifiiti intcil 

iri 111 ¥l ciei iitin ¥Fi*t< ftfn 
im, 1*1 111 i^iiri* inii fii i ficn 

¥c* iTlfiiti cin in iiiti 1 * n 
¥iiif iciil 11 ifVci n nc* inn iftiii 
itrfi Iff mtfi ¥ ori-ritfii ftiti 

Clin iitntci iiifi ^rifi t*^ w- 
•^<1 niiciitii¥ ^Wt9 IlfV ¥n¥1- 

Iftn ft« nv 9 iciicfit ^iKci* 
nn* 1^9-Pncf iffwj* iw wcif 

fCf ¥nci ntiw I ¥I ¥W ¥tlC¥I 
¥¥ «it¥ cir¥ mtt ««¥ ¥1* *ttri ii^^- 
Cltlftci* ¥fi ¥ Itff fl mitCf m itltl 


4n 3) cfti itfti f¥ m ¥ ¥ti$%¥ 
llkltfl fiwn l¥t^t ¥11 If ¥11 Ifrti 
¥l Cl, f^ci* nvififtci* ftrif 
¥1 ICll niff If i 

¥f fin 111 C1C¥ Itw Cl, 11 ifi 11C¥ 
ntifif* !«.¥ mt fi¥ f^ifl lifw 
^el ificf cicii ¥i*fcf wimtcff 
frt?ti iitrfi ¥f ff*if ¥nlt?t C3f%« 
inn* flici ^<^ir»¥ Iffii tfii cm 
finn I 

ffi 'ifitcfi ¥iici| cm cici wn 

111 fi«n iftiitif ¥¥ nfirtfii ini 
¥n¥l cinti irtiii llt< mfi m i 
¥11 ¥ iftirn* Ilf «fci¥ itf«f iiici I 
cimr% ^tni mil ¥¥n i* ¥fc¥ 
mi ¥n?lf ¥fc< i¥ti 1 * mi 
i^fi ¥li ¥11 Jir?ii ti<4^fn ^ni 

¥*in fTfi^nm* nn« cil icf¥i 
¥ mm I ri«ri¥ ¥f^%riiircf 
nftf lnifi¥ ¥tc¥ cni •itircii im ft 
c¥t¥f ¥tf ?rcin w ¥*i¥ m i 
i«if¥ ¥n¥tf ffi-¥¥ifti •ffiiicinr 
l^¥-icilltf lt¥| »n«n^ ¥lHlfl¥ 
nn¥ilt* ¥«1T¥ ¥11 mcfl ¥f ¥C¥ 
m-rniitf c¥« ifi |Wf vn cm 
fmni nf*fiit¥fic¥ fifior^rti 
fit¥l ftCffl If, ¥tlf^¥¥fri¥l¥Cim 
irm fif¥* wnaFim- 
Itci* Cfll ¥11 icil ¥1 ¥W lintCfl 
tiffin i<^¥ wnnw am* >rtil3if 

¥*IITC1 rntm ¥TW llWI ¥11 C¥WI 


citit ¥i\ f^fw in *«t^ ¥iitf cw ¥ mfC¥*i ifilfwtw ¥(ltf cm 
n^i¥ ¥if rnn i nntn« m *cir¥ nnm i 



5|NC® 6p^ 

^ ws(i\) -1973 

^ WUMf ^'« "TWI w^rftwi •Ififtfw 


W(JW¥ 1<>I. 

vrw 1909 *itc«n 14^ 
ffew I ^«fTtnf fJi. ff. 
imn fftffttsi ft? IHiitf fotc*n- 
WM ff ▼rr^cfw nrcic^r 
«tifff irc^^'H'irPw! ftf fnsi 1 
fiPr •ftf^rfif 
fjfffI fi«Ff» f<«r^ f * 4-ft*ff 
ffftw w i««f If fcf I 

fiff ^ men (fits’c^in) 
♦ffKfifti fcf f- 

wfjf ffwfi nci fiff ffcf* 
?f| ffinen ri 

rftffft (Liaison) iffffff. f>f«fTt*| 
cwc«WI*r- 4 i ficili. iMfiifrcff 

fJtftwtcn 'ff ftiifi-41 

finti fff ff^tf ffftwfi fiti 
iwtfff •nrtKftn ftftewf ftt few 1 
f%Pl ff 1 . Scattering 

of Light and Ranan Effect, 2. Theory 
of Groups and its application to 
Physical Problems. 3. Crystals Symme¬ 
try and Physical Properties %4f ftajf 

ajfH fcicRf I 4rtfHr il’ftrf 

focf I 

M nw ^ •wflhi WHfff <fcf 


ft. <an>ft, (Honoris Causa) faMfr iiN 
fcw I ftft Ifaite tHftf *Ttnf! fOtft* 

cfft« cfwi 4^ nftlrm• ^rtw iff- 

f 1970 f fCf Iv WItftCfft 

mw fiftm fflfni fff nt^wi 
ftft ’fitftcfft ssf fttitfii c?wi 
ntwn ’n-fftnft i ft ft 
c^ftfft^fttfftfi flftcii^ c?Cf1 eift 
«atfft!5fTt»f cftftH wf Iftiti iprtci^l 
Wf I ftft ftftt f 

(cfgf—HfifHftf ntnft* 

fff llftwf—ftl. ft. <af. 
f Iffm nn ftw 4iift aifftfrw 
II fi. f. ft fifft) 
ft«m f cf fft fitn ijp I 

ftft efrt *rri fff ff Iwf- 

|ftw*4f CflfMJtf fWfrCff fFtf f^- 
fff 4Citf^« ftffilew cwtffift ftcff I 
ftft ?WfTf ftff fl cftmt4ti ftw- 
ti few f ftft ftfff ^Wtftf ftffl! 
*i^fi w#ff fftlf ft» f net cfftffrtf 
feff I ftft ftf fif l^rtfHfm cwftfi- 
ftl ffftailrftf-4I ftffw ftw 
frifi ffti itjwi fftfftpri ftfl 
(ftii ww ftftfftf '• l«- 

iftmi flfteff f wgi fdftwf«1970 rtfw 
itifin wffilf arftfffewi ftft wm 
fry femf 1 ftft ff fff rtfiifl *faiC|f 
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C 26li| ^ Itf V<11 


4ti ^rrwiti vf^ 

<nrti f wfsf I 

•H T*t. C^. WCftfl 

»ivt*tf«—*tft«fRwt Wl 

fWfiiti ffftit'i fi»iis f<PTtn 

^tnttl ftW ^ ’PW 1?52 

Wf sw ftf«i w», 

cw—ctt ff f#ii f«f)rl« ffftu 

f«ci %wfnt«ti <!cwi wiMm fif^ 
fimf cn^cii (tcir) 
ffffw fitilcw mt tfi'i I 

«rt»witi c^ci f»f2l 

^1% I filTtti 
C^’PCTtPlftm #tl fftf 

^ni<rwt»rj i «ric«i 

PURNIMA'I «irfffl|)it ^ Mtci «ti 
'Iff »rff<^cfi fn-n- 
■stW I 

1955 ntW «iSitf«r 

BARC ) ifjf ^nK 

wWwti Ff f««tcf ^11 ^ffti ni 
%1 W Iw APSARA CIRUS 
fllTtlCf ^t« 

¥CW» milff# '•sitfSf •iCtf*!! 

196* *It« fWPi ^fll« ‘In«l«itic 
Scattering of Neutron* nw» ^tll 

fi I <rrMitf 

CTO «ftfif iim <knK^^ 

WtfviV fMtl TOW I TOf 

^KW^nl «fTO TOW I •Thermal 
Neutron Scattering* %er (Wt«l- 
€4g^y 1965) Crystal ap^comctty* 
Ml fspr ISiww t 


^Mosibauer Spectroscopy ’I'tgFtl fNrvt 
wf^X< nc^v TOW I 
Mtf lUsitlCV’ICWI CTO 

mtnftwi c«w ^ti#tf5pF 
fffC5«T n^in\ •»*» TOCf i •iPwi 
ftf%f cft5 iRW ciftHf liftfiTO 

4^tf# TO^TOl 
’Sfl C5C«t^ I 
Neutron scattering, lattice dynamic*, 
fltwlJoa m^K fl*Tt^ filfl^t ^^TO 

TOTO fif^ 4nf%i flwi 
r»ft «lf^¥tl-I Ifs. 

•flftlilftf nf9 TOW 

fwtl, l^ltWJ 4Tx ^Itsit«fl 
«rcf^ftntn ?vii wzw^ i c*!tf«n^ 
etfiiti c^fe^ «jf®farsfc«5i »if3i 

ftw ^^rsft'5ft*i 
aiciff»T« ’I'^n f»f*r TOni cffifsir'jf 
¥Wi 

TOniwfWi fiutlg c>i^n 

wtw 

f«fa w I fifa ’ujtlfif nttite ^fslC, 
'o ^ttrcin ntfiti 

cmcol-« m I lf«TO 

CTOt. c^M « iiwwti 
Mfl«(*jcn cft€ ltf»f |5i t¥fi*i-<ii 
wi 

mn, fit. 

'swrtnf wt^ 1927 «itt«!l 22W ^Wi 
WnW fW I TOUIl fl. '<1. 
C<p. fit !•!. #ttl fli TOU 44tft«tf 
Mf^roet ftrom towi 1946 

mw 4rflt«ff 44. TO, fCfl «f!- 
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ntw ftfir mim ^ »fw w ««4fNtf 
ff<ft»ti|l 1948 Wl ■#« 1957 ^ 
vitvcf %. fw f», 4^-Pr fiift 
•itfi’nwi 

1947-1963 tWtfWf 

frffhrmw 4WCT fartlCTI C»lf»tltt, •fCf 

wtm «itM I 1963 

artCT f»f3| 

«WTNf 'i f5wt%f CTf^lft^r 

few I 1970 fttf fftf ftfwi 
new <l#h» ff I 

ftffiftfn ^«iHf 
^fl. W. ff*fCf« ilCWWtW polarogra- 
pby Cf »ICW1 ’Sff fc«*l I 1953- 
1936 »rtcw scfi ^nrfftf, c*i^' 

Ctftlcai ncfl Suipbydryl* 
Jifulphide fafipil WCf f 

*tCW3i fcia » 1962*63 ntw fsfa 
ff new ftf fwti? aiTrt»»tf<fni^ fiftta 
ffftcutfl fttfwtfCl 

(Sdilwatcr) fta I 

DME Iwltff-*14 c*ft*ttt«t“ 

4rtf¥ f cflWf f^cfff 

ftcfi 

^IClW (Reversible) f 

finfta# (Irreversible) 
fTfff 6tt 1RWtt Cfl I 

awHf flit ftfbl cfcn fifftflfl 
f f«rtf ^wrtfff 4if%ltf^C4[ frtfdi 
ft! aiftf fJW I 4w OH fCft— 

cnftntfrffiif entft#. wHtf, 

fllnrt# fifff I 

yu r w ii c f H tt iW f ^f orHtH. 

CfWflW C^tifTfPi WHflf 

V (»nr^X 


CfflffJH #fff fiffitwf w 

ff^ fjp aftcif I ▼'^tfNtl "Cellulotf 
Chemistry ead Techndofy* fl^rcfi 
tnofll MCf ffff ^tCff I 1969 >ltW 
ffff Iw^tfIHffttflH fff%W i|4 ft- 
Itfbif ft«r aiirf 

a|ft«fcf® Cf(*ltl W I 

fjffi ff«ra erstcf f¥ 3 i 
^tf ifw Ijif nwtl 
fsf fa ( *(1411 fwtf^ )-eHt W;» ff( 3 l 

mfffi »rtwo« **ifft«*rt<f ntfi 
c»tfif* lift! ft's fI r*Pf 1969 
HCf 1962 ifH *fU rseij*l •tfllWI () 
»it<ttfi >iHr«rf ftwa I stftfIf ffPi cfi- 
fewcn faff* aifiklca* ^tf 
frtew I 

fwjH® fin. f*r. fiwi 

vftf. r*r. aifi nfiM fttftincM 

() c*r^r« fI fjtffm®. iitff >•< 

fWt*tf f 4ft •! I 

fbff 1925 >itwt 30(-r enc^i wfwrf*} 
few I 1945 Jfftf 4lfM r^lffltfl CfCf 
ffff fS. A f»# ftf fCff I ftCftCi 
filf f>n. ftih fHfwlfti ffffff cf^ftita 
ffftrf ftf fifti *11 ffff cfff C4 fM 
1950 »ftCf ft-flf* n ffift 
fCffI 1952 ntCf ffff Cff^Cfl Cf4? 
44 fl4C4f CfWI Mtflf ffl rife 
filflltW ff 4nffl4f, ilfbf 

4f4 a9K-34), CfnfMtf 

(1957-5^ 4ff fdf <il (1964-68. 69. 
70. 71, 72) fit fi f n i * pgff 44THfHfi* 
f4f fwm I nfh It. dr. !*r, »Hft4 
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fftfSi 

*i«ntw¥ {^ i 

irt^fipj ffi iitfri t»i<w 

ft'fi ^Jto «wtitrcw ioHtc«i^wif 

’iwTi» 

Number Theory Geometry 

of Numbersi Packing and Covering 
and Discrete Geometry *trwtf 

♦tf mvim tcncft^iT I 

f«fk fef^i nfifliif^f >!WH(3f aiei 
4lt1 '• \9- 

stcuM Mrsfifci ’s^i 

¥«tl*l I 

Theories of Utticc and non* lattice 
coverings >!vci ^It c’l^Plf t« 

(fC^I nf^Wfl Wlltl sifflfftl ¥CiCl I 

«%ff v«sv. 1^. 

’tf5i»iwrtiK “(t^i 

1915 mitt'll 23ci ft. oJTfk^ 

Cfmtl 1»W1 ’fflC'8 

r«fk •tt'ila vifsat# ssci «ft 
•iff ftisj I t*»*t ♦Ci 

csicf ein. »en Irtftr^f jt*f 

laf^W cttf Pi- 

Hi. ft# sit^vcn^i starttii ftft 

fsi( fn. c% Htn '•Vx 

#T. ^*. 'IfWtW 

1937 *rrw Mamw ftft ffi^i 

nfiWH *iftiTWtw 

irww ftw •ift'ili 

irCTvn-w<fftft«n^i 
IMO ^ ftft 


[2eOT«.i4>MM 

l^fWWrt nwrtu wii wm nw- 
^^ff<tCW*Theory and practiet of 
large scale sample sutvay «(fOf *ftV 
^ ¥ni I ftftfn»ii «ftftri,ncf 

mc^ mn ftftfti ftciWWW^ 
fiw I 1969 ntw ftfa KHit«l «fl?N 
*ftct aw Ifenti Itf ftwftl ftfp fW I 

cftitftft wi 

>l7tftft ¥tll wm I SQC 

(Society for Quality Control) HtC'ffsKa 
ftft >lftl ai^iidWI I f«Hi 
C^f»ltftft flCftftftft '^V, ainttW> 

w|ei ftfaiti atfllMl 

>r?91 Ifoita krt'at^^i 
^•ratafk ft ft ai >rcf i» as^ ai 
aftiSi cwtSKMa i '»Htfta ftft wftjcil- 

c*ftiaft, atnmftfvrra arrta cwtalf 
iTtftPksi, c^ratartft, c»Tt»ita ^tftPN. 
IrtftPlf SFi ftcatafta aitftt >iwtia 
atf a csa i 

spates wfti aitftS fetHf^fearta 
aiifraTftrsiMiai ftcffti, mtft^ « 
trtvtcif I’a-^fswi tnifkt i ftft 
atif an atti? krtftftkfiw ^#rtftw«nwi 
ftwfti a>n >itr6f 

ftcifti ftwa 1 Iftratn, aftr* artwftfi 
«^ft (fi ftft *fftw wtia a^ 
Quality Control aa^ Standardkation 
ftfwr aitmtfta >iCTwi 
ntim a^^iCT ftft ^iiftifti caw 

•ftjtftftfrta «ni^i arftftft t 

ifi4 TOW 23n amt wwvaw 
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ftitev 9CIWI 1935 m 1937 

^tW f>l1#CT f5. ««n ^-Pl 

•rlWm 

wm I 1985 iftCT ntiwfwti m9 

iti ftftii ’rtitrr it« uw li fw i 

iit>rrt ^ cvtnt^lr* w 
¥Wt< 5* 1940 >ltW 
*Ttl< Ifoitl C4t«lftw ¥C1^ 1956 

mw d!# f»n>f cv»txw ncf 
<*» 1969 ^fc»n 26p^ cnt^ft 

%l^l cwwtciwt djfl f 11*^ I 

1946 5Tn»5WCi|ftlti €Wf1< fttRlliltl 
f'lcf miw 8lc# w I 

1964 *rfw •ifiw Hfnw tar«*if<ff Jt^ 
fi>i<9 ^t9 «it^t« wHrcflttfii 

1970 mw awt*9f Ir 

wr{9 fnwrif*rfc’ 

%4f I4fwt5s«t 

WW ♦war! 1970 aftW •tJtflPl 
1972 aitW mt!t» 

^taiftl wflrw-iw fn. ftf. airf. 

«t1|l W ^Pritl 

Wtiffta! «PW*I I 1972 

♦Will ftfirttm vtn-^f wt#!* 

cWN iMT fkffn wtn»tt3ii wff 

C<rfi« t 1972 Htt*T fiMWi 

24«ii f%fn ’«ti<h wi 

cwm cfWwW »ci«i 1 f«5 npi« 

Vliftw fW twivtlf mth% nUm 
f aRti ^irni w , 

«tf<IWNtfW flfWf<ffrft»l 
A«f 

ftf. ^/♦itt. tW'ff 41 


ItifN *P4f»4 

aif aiumfil. l^•»Hft4 afftcitPrWW 
nn f€«fwf irtfWt ^fil^i 

ir^ifi firwttw 4JI14I- 
Ptw*»wi nr«kf«i-w 4 Wnf«*fw4- 
•iftfim c»itntlii^ 41 IRifti 
Ifwti citmt# 41 ktWtitfki fifwfpi 
44tnf« \ 41tft« fsift 4tl4 Itll 
4flktwi >fW ^4 4trtl I 

f«f3| 60Ul« Cl% »IClllh*l4 4ft^ 
♦wctl I 

4W|t*f4 4»4Wt5|^tl ■Wil 
»I4tnr«—4141 

417141 441 1924 4tC4t 4;«llltC4 
Wfltl 41H1 4C11I flfl Wt4l 
fltr«l4Wl f««tC4l 411141 4 

fl«t1kl «fl11l f4fl 1948 414 ClCf 
4Tkrttl4Cl184 '11^ 4tt£^Clflfl 4'41# 
4f 8 wit 41114 C41I 41? fC4W4» 
40 44 4Wlf'fll 4111*4441 4 
flftw 4441 4-nc# 4Wlltl4 4tll4 I 

C4 C4l4 4U4f t»tCltC4tWi 
4faC41 4t4-riflC41 4|flN:41 4tf 
♦Wflt 1114 44ftl flltW ♦tl 411 
4f4i1cHl 41114 9t«lWl4l I tfll- 
CWlt4l£4lt41 Itltlfll 4ff4 41^C41 
war fl4t£l 4t«r4 iu 4C«11l4tlt 444 I 
4ll>4 %41H Hlfll tflCH 44lf« 
4<4ti vni4 #n Clin 4f4 mitf 
ftfmtll fW '«1 ^ir«4 4f4ll 4a4 I 
-tJlpif# iftcil <a»‘fWtC4n4« 4ffil4 4"4f^4 
1^444 fturi 4tC4 4|t ^S4tl44 fCICi I 
#ni C4tll Itlllftf i4tw 4fl14 fli- 
&114 ft4t454 «Wtf4f n#l4 444 





fcicf—t^rwi wfvtvtj ^rtRicv 41 4iFf 
icil I »fWjwtw c#ttiti»ffiii 
irffw *fii cii vcicfit iti ciifci 
nciicfii «tiii itif 
nifii *rtfUiF «tf ^14 4fitir*r^^ 
nl^^ nfiirwi nfinun c»tw- 

CWtW* fClCH 

41^ 4fc«irfni4 

refill I 

"Chromosome Techniques— 
Theory anU Practice** <S[;tf I& ( »lf 
ii(rf >ici c^l»tc< 

»Tfif ncmtntcf 4[tf^tcs?f *rfii « iir 
tti sffTf ftfiii 

n^ftl «fti 3C0 ’rc>ilTr*fi etftn 

f I 

»>i 1^1 f Kft4 ninm 4Jtf i* 

cufti c>fwi t f^fSi fsfn « fii- 

^•141 jfcf mm 

ntlcWw *ff3ifi *rbc 

Nucleus’-4i f«fsT «firtl ( <5^1 4. >ii{iri 
>!Cf Cytologia 

( 4t*ltsi), Proceedings of the Indian 
National Science Academy, Science & 
Culture nfiftl 

filfl »ffWI 1958 *|1C4 l^csi, 1963 
nitn 41t 1968 sftW C^lff m 

4^CU*1 41 C4mN, 1964 

»itw wiwfii 4til» wMm>f 

41 4114 1969 

Saattlf4 4«(l4 HtlftlfM 
f44Pr 41^ 1967, 70 ^tW 44C4tl# 
4^|« <#tcitnrti ww fifi 411^1 
I 1968 *|tw 44¥Wl 4tt#ff«4 
«ftCTrC4tl IWH 414111 4W1I 1967 


»ltW f»fl l?tlfhilW 4iNiff 

W t« *1111 W72 mi W3| fi i fi t m 
H,iV ifllWI cwn If 4111973*74 »!tCTl 
4CW flt^m •H*tl 

cifmini *»f ii4 fiw I 

»lfl Wtt4Clrt 

14Hr«—tfllfifw 4 #1^44 4141 

ill Cltl 1927 mtsfi 20C4 Wtfltil 
4tltl4fl (l^ltCl mu Cfl) 44411 
fCill 1948 ItW f«fl Win flf 
fiWtH C1C4 «|flfs»ri 41. 41-f5| nil4tl 
111 fjfiiiti uiffiirniii 
citf fifi 41. 44‘fi 

f«4l 41t 1955 ltd flflu 
ClCf fn-4|f. f« f«ll1 ll's fWl I 

WMU Ifft^ fdC4 4lflfwll 
Clflfltl (1950-1952) fnflC¥lf511 fil* 
fiwiii, dfsi-i f^fin c"nfitlti*i 
(*14*1111 ) 1933, Ul^fiw fVlfwtlW 
(af*>i)4fw Iiciinwlil (1954- 
1955), flftltl ClWl C4ltflltf« fWC4 
(^l4lif4i lf-44114 (1935-1936) ffltce 
f«fl ftWfCllI 1937 lUl f4fl 414141 
fsiftitici 4tPrf^lf dfflftf ftmi 
Cltlf H 4til I 1971 ltd f4ll 4tfifl4H 
l1«tl fli:itr44 fl I ill Clltll 441 
l^itf nt^9 4r«r4ili:it4fir 4i\ 

C4fit i4i%» iciwf I *rrfN 4rifNtcii 
ftiplffrfif fiff fin4 ircwti tn 4ifti 
tcucitlf I 4It%lt4ll4rt4 C4tPWl. 
frtwll 41^11 41 ff 4iNlt4 it, 
4ttdtWP#4 flCTllPll 41 4J^|C1I- 
ClflfH frtfl 4ffil 4141 int# 
«li Cltl (icntiii fft liciGiif %ti 



39 


irtfitlr. 19931 


^WWft ¥frf*f, 

f-n « ^iwi n^ ( Tn. ’tit, 

iiti), ¥mm fltftr«i ^ ctftfrt*! 
fi*rti t tii f t I rw fif«t 

•tf c^tf ^ ’tn wtt%fi 
c^ tiwi-ftfi tvH iPTiifi I 
C*!tWlttf 5f ftfj|f nl^- 
«*fw (^iltltf f*lt, 1954 \ citf^ 
«rififwi furtw ( 
f». Pr. 1963), •^r^ciN 
JT"nf#v ^rtitrPp? ^wi54t-fcw (^Ic^, 
•T*rt^-1961), (ppit 1957 ) 'if\ 

{cf«f*l970) ftft tt- 

£ff%t4 CWfnttt WM v«C9|- 

»rh^t«ir«f-i a[T»l 1962- 

63 >itm pipr wfi^ ffirti-¥^c#r»ri 

ci^^n fir«’R I 
1961 jftjn ’PTtf^rptfni fHrwt«w 
( 4t#w) f%Pr ^fTtPikrt*!? 

I »TOf« f«ft 
Grdaca International Inititute of Com¬ 
parative Endocrinologists-ia (JfttcitPf. 
cffin) Ctl C^WlttClh nt^fii 
fsfi ftfi ¥rtc«M tftnwt 

nrft (1962) <•« ¥tlfii»i (It, 

It nif« nrf^itt 

(1966 ) 1 

^>1 twtitfpiii ctWt¥ 
tWWl—’i tftlt ttti 

4#i m n t f tn c^fit (n3i-i929) 
tPl^ttl fitfwfWW tff fiwiWf 
wt% fNPvwtt 1 

ttftww wwti trf t*«nii ntnt i 


CTfWHji <ttii<tftw)’lt* 
ctff^)*ti own ttf^rnt^fi•fttt1ttf- 
^« ¥pwt finirct ttljtnn 1W3t 
1942 ^tciw nntrttcw 

¥tn I aiv m Wt Pw ni 
W Tf®! ft I 1945 ttr® 

f^fi »r«i®rt^ tilnw tiXtwi 

1949 mw flit fi. -wf-Pr 

1951 fitPwrtf ett® 

fail ftfi 

▼fiftti fitfiirw CtCf 1959 ‘44^ 1967 
ntW *44^ fl. «4>T-fi 

M I tfiftn fitftwt®! ettf 

®n4i fiifit ®f4ti mtfirf f®tf ft. 

iltTB ¥C1WI 1952-1962 
nfn -rf® fifi Wt^fl fWtt t’t 
fisrn* ’®fTt*f® ftw4i iti (t^firw 

1C15, «t«®4t4i ifaJTtnw ^a^titifi' 
fiftc^ »al cftli With 

nfcti fifi c»it4i tnwtftcwi wt 
aifififa ft*it4 1 mw »ranf c^ffftfl 4i*ntf' 

eiw fi»ftr4 tfltfi® till I 

UtmtPIl ¥t»l<»lt4tl¥I W 'iWt® 

tnwiftl Cttllf tf« >|i4Ptt« 

®)C4 W4lft4t«H 4C4f«n« nft4t4 4ct I 
•li c^fft mtf 

tnutfti cttlii wtcfifi 
fttwi4intH4i tiltwntfwftfi 1. 

4titiiirtff fif^ti tnw iw 

2. 4R c*ft*rtt fitit nrt® 

mtfliti® mttfH»ifir (ffti®r®i fit- 
fivt^n ) ® 3. tfif? 

®tw—fiwt cnttfi* tftitt tttit 
vria i 

ftfi eif-«4*-®f« C4% tlWI'tl fiftl 
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4l«tn #Cfll3l( Lodbas of 
Waft Bengal, Four Midnapore VOIagei, 
Occupational Mobility and Caate 
Structure in West Bengal, Socio* 
Cultutal E’rofik of Frontier Bengal 
wfiiii fate «rtlf 

•ifiWtfl 4Rtl *!C5> I ‘wrai « 
a atwftw wtff 

fini I *11 «ft44ftsr uff»i 

e^ft4 ifcwtia aittm i 

’WW’T antfifawh c«if«- 

f Jt«i fwai I r«f4 mv] a »raca 
<lfa atatatu f^t^it^ an^ i fafe 
mta aww ^4 nncatafala (w), 
Ifait4 wtatcaf^ cafififti ntm, 
aiitartafi 

a wmta arrtftcafta 4f^ra;-cacai 
^n\ nnei fwa fffar>!itan {h 
ai cawii Ifait^ at cafaaita 

flati^ catawtwi ftt- 

ftaratii Batata ftwa i 
IWa^ai f^ia faai anjtwtaf5[f,fttaa»: 
ailafti »rcwtf fafa ^trw 

faft Ifbits! amatfaerw at 
tlanM.^CT^ aif cafbarta a^ca^nsw 
awtaf^ ftt atij atai» fif^ai f^a 
fbrim aa^li awwi 1970 
ima fata calbati a«ta fet atfi Wt 
aaH artiafwi arteieacai onttvarfafca 
aitafHaai 

ajiartf aa^itf ilf irnaai nlt#rlaa* 


^m itwm I arttgfi %«a Wt 

irHara tffttw ca^ttw fW awta 
flcaai i?ai Hftcif affdiftaia aaca 
faft aat atitcTfa ciaH ancff i 
ntcMwff attfaia, ^Iftw 

atael aimtcif af», 
araf^ ai ajt^re ftatcti atla- 
CHlWltl I 

1970 atca f»^ *rffw Batft an 

1964 aaatati fa^ canw ca% 
aaftit tlwtiPrn ata awai ftift an 
jflawa aiatf it^aKlOSi), If^ 

^itanaftaf artaarta atcinai 

vfM^ (1957), ats at^t< fwr em wi 
l<ta1 afa ^^'•1 (1969). artutf f«ci 
atcf^ fa^ catet at^ «ts aifiata cai 

(1970), f^RF^alftiia faai fiin 
alf aiiai fafbfiiwa (1970). 4< 
effaa'rTaf atlcfetafir f^«ca (aa», 
1971) erfta ana i 

1971 atra aarw tRiila ftaita 
arw ’artaicafai ftaoata mail 
caattitifaa. uraitt fain acaiati wm 
«ri«r« apiti. Ifbita atjtattffi m 
attcltafai ifaaa mwtn an ai i 

aaitaa aiifi HRfMtfHia ^ « 
araaai aica urt 3oo-ai ca%<i^(^ia 
crata acioia r 

1^4^ Ct. NHmill 

awwiw-HFHawM ■ipo 

i#i aa> < 1 . fiFFitami 1914 atcai 
22ra cac^ arfanafot avm anai 
fW hIHf ftiBfffai caca 
aa.aa-ft w atlearadrca 
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M ^ %CVf i 1946^{C^f^llt|>lfif> 

ftv ¥iw <4^ C4t4r wlf Wf 

f¥wf*rf¥ 1947 >rtw 

c4t« cfit <r»Tt4^c*n m c4iti*r 
wi^cvt^ff'« «rt% •met!* 
wfr w ff I 1951 >rtw fW 

c 94?N nwtwi 

(«lll51, fiffi ) c^tifitJi wm I 1953 
^ wfK^fttn- 

Hcw f5T ^^fft«if^ frrtcf 
1958 ctc9 fifJi > 

•rcT i 

!5tfti5 cafwTt*! 'e l9t- 

tlft«i art^ *frtc5t«»f^ « 

nTtit>i!^cltafw flfff if! atwtf fHi3- 
f»i 4(fi aitaiv awn-na 
<af. cw- '9 aiti fa. f^. at«fcn 

nrt caVotra wPrar fcicfi caf^ 
«f9tf®w 39011 «naaai-«fci 25f^ na 
« 350(1 wfsf afwrtva ¥51 «r»tl%¥ fii 
tfim cita ¥ ftitai (airrt^atrttdf 
«mtw) fawCTi tti ifraaa! toantan 
Mt tftfta fiafta atiiai larratrif^ 
¥ ir«rt¥ ▼ftdlfaitcatafw^Tta C5t5tll9f 
cfWIt f-afi ¥»tc>HrtWl»lfir- 
¥Jf¥ C»rt5t^f 5»f5f« WtfN fCaflOTaf I 
Hfwrmm airftfrm a^tacaa (a^^a, 
¥Tr5t«1-1959 <9^^ fSrttCta, 5- 

1969) laaa aniaftfif ff|- 

i#fft C lN i i ¥n a i ¥tiJlf5a ( a# •!, 1952 
«ai (ltf¥9,19SW cwtwta ftatia ft# 
¥l*ai ftitffi f%Pi aiftf #M#rf¥¥ 
awi#¥ aiiacaacff a^aain few i a^ftw 
tw afnftiidnii apaim wa 


•T"5fff #aa antaitiw atltvtatciMfli 
(II. 45.ia).afrff%attfTN 
arHta (arfata), Sydlowit Aonilaf My- 
cdogici (ficwi), If5wta ftlili anwt- 
•lOr, ir^fif #t«fM aia faicffiraltf 
atnmfli srlfaf aaii^fcar afteta I 1967 
artca fifa arflarr nrlaat 
#wt5 caff 1 nff #!# fcaa i 

«%1 (4#. c#- 

-ftlffas »rt5i 

«lf larafti fliif^aa aifatl tf«f1 

1950 artca fftaiairf na #a IfHam 
caf«f5ica ftitcalSca fiatJ emm flatca 
fif^ catnffafciai <ff5f flf*r caUfita 
fcacw 5ti*f«faitf cafftfti f^tta ft# 
«af taa^ 1954 #lra fN 

fa#i^ >a1%*tcl catffta few i Rtvfml 

of' experimental alloxan diabetet*# 
njtaffwirnf atfI o fttfi fftfi #ac# 
V»ata fcaaai fcia fa^ fin fanlwti 
fac*^fnf«r n^#ff #ata #f#a fcfi i 1957 
ntw ill anrf# ffanfaitnt entf 
faptca f«. ffn fi^l fif few I <1 

nfwl #n:f feiwi ftrtncwtPrn #fti 
ffi at fa\ lacli fWimci awjtnf 
fH. fif. cadi (ff-aitf-ff) fftaatw 
flPl 1 fftiadn 4av firfifitn fCfWtlwt- 
ifi nffi ntawt few 1 faeacn iffti #ftn 
fat <r«Tta#cnff net fficf #f#lntftn 
(nti'ififrai Prciif) naatci cnaacawr 
•tttcafm flflntaf naf# ##c«i faaci 
anwita ftntai nuni f«fl f #rf 
lacattfi (flairirnT atl«5ttdti^f cali# 
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mm' 

C Quinazobne) iRiai m 

» «fPWt 9tm I 

•titnlM »rfw iti w^i 

1954 « 1970 >rtwi 

Wf Cf«tCf-fW C«f«» ff 

»lf» W I 1965 ^tW Hfk 'iftllft- 
ftf wtitc^lJjr •imntfHtwwi »!?ii*rw •»!« 
ipcw *t»r 

cmm <«¥ 16 cntlcf 
^ftftPr'i fnar I m\t fn. «««r. ^fi- 
«i ¥11^18 <ffiw ¥^r^<ftsi ¥n^ I 

«ll 45tf¥ >f<5nr¥ •1<f¥ (fr¥«ff¥i 

f<ir«t wisffw 
ciffit I fift lf¥it¥ 6it¥tt6»J 
(Ml ¥. ¥▼. f«. (jf-30 ^n- 
*!flf¥f I 

fif4 cfH-ficfni wl<rc»i 60fe ncwi- 
•r« trftn futiii nw- 

If¥ 4ltl f4«!tCI 

¥tw fI 

ft-wm 

iwtn¥ f¥t*l 1917 >|tl*II 
¥^ltw 4l¥4r<1 ¥W I f¥fl 
fl¥flVf¥l ¥ flWC¥t6l 
(l?Wli) ¥CMJ ftfl iCl-ff 

ft¥flWt¥lfl WCfl fnflll ¥M1N¥I 
1942 »rrw wifi c¥fftiti 

¥tcw «tlf Cf»ri ntfr 4fl ItCW f¥f¥ 
nvtvft ¥twt*f¥ ftijp ¥¥ 11958 
¥tw f¥f4 1962 «ft»! 

c¥t¥ Riff ffVCfI WUHf fifiw WM- 
Cf tn ifhtw ¥fOR I 


Am (26«fHMMn 

W¥TW1 WiW^fitl •Kifniw^lWh 
ff¥¥ »Rci ¥Cfim ¥flfrt*rti wm fH* 
fiifm ¥ftncn *rftfvti iRt-vnf 
ircwfffti irt¥f ¥1^ ¥ti ¥ 

¥Ctf I ¥tlt¥t« f^ftf Rwttin ¥«>ftlMl 
fc«i« tti fRif Rt£i I AR Af> ff^ffff 
nif^n f?f R4f ¥Ti¥—1. ¥«fifi nfwH, 
z ij^ Ri*w. 3. ¥ww ntrci itirw 

nffft*r I cwwi Rfvi 

*R¥ff¥f niWtft« 16 •ii^¥i-nif« 

wi mm I fRt¥Rfir¥Jt¥ btf»¥ ftf¥ 
nRlfl'*!R¥tl f¥ff «r«it¥|-W?¥ I 
f»fH f^’ll *W¥tff¥ fRRi 
*r¥tnf¥ ¥1^ Rf¥¥ ¥H¥ |f¥ ¥ R¥tin 
•|Rlt«R ¥Rf¥l frrilt¥t->|'^tl¥lWl fWT 
¥»¥f Rwf I 

r»far ir^ltf ¥Jt¥lI¥ft ¥IRlt¥tn¥ 

>|||{¥t¥f¥l »nif*|f« Rcff I RR fl¥tR¥ 
n¥tf^1i ^iiitR¥ lift! ¥trw¥ 

iiirr« RR *Ftft¥i 

R|1¥ ^I•^R¥ •!fi¥tl| IIFfI ¥rif¥lt 
ift-II RtRlt^l ¥1J> Cfj6 H¥!ri¥ 

¥11 fiR IRitf ¥t^Rr¥ mn rRR 

>lttl¥[ Rftt-41 ¥C¥ Rtllfl ¥f. 

R. t ^n. I6“1 (siffRIf) ¥iWl, 
•iRfRfi, nRftn ¥ R<f«i R¥1¥ 

*fftf'<ft¥l R¥tR¥t¥¥IWI ¥Ul*f¥ 
f¥tf ¥W¥ ¥CffHh*H¥ «l¥t1 ¥C«¥f I 
f*l¥^Rll¥ Rf«I •ifilfH ^TMIftYl 
¥RI6C¥ RiR RtORI ttl IfmtW 
¥W¥ fCIIII <!R*tR¥ flR I 

iAi A. ¥rRri*i 

¥ ¥t1pw Wt 

M ^ifRvN 1904 Ml 21t¥ 





rttf wa6 »ftw <«. 

•fil^rti W< Vi t •fftijtf<ri iwtnf 
ntfti («n) 
fifsi ¥WI J927 5i|t^ «tf 1945 

*it^ nt9 ftPi 'fl*itft<tf fiif<if*ici 
fwlftcsi w itcw 1927 

Mf»« flRl^ cwiWii srrt^i cicf I 

f«fj| ••fct# I 1936 

®li wi >rtci»i t«ip| I 

■^lll. -« a,f[-w »imi ftft 

ati 2>,fe 

CWM 'it! 

«»Cfl (Triplet 

splitting) f 

fsF^ 1938 >itw fif*« 

) *3< >0%^ 1943 

ntrt Iwf ft vjl*! inta lw¥- 

Sf<¥ (f^^h# ; Pif^ii 

1972 Jitw V I 1^43 

’Itwfsift fTitlil f|4*ffCW«H 

Ifnl^ WMf t«l »ltll»l ^ItfU^fil) 


cfw t^^ffHr Vi 1945 nm f^fk 

«tirw ^t4W ^•tw 

fi»»rtw C¥tW4 ¥t«l 19l5-*46 

f4»tctw fwiti ¥r«¥Nt« 

¥ ftifmtf %ti«t« 1 •rw 

ftiwi 

Vi HfiVt 

CftftlfWW* 

1?*ti «i«i ¥W¥i Oils nmw 
fv I 

1948 >!tw f%fai Stf^l •ifa'illir 
fC« ^4Wir»l¥ 4WH ^¥¥CWI 

f«Pi vfk^t^ atfl^ frt'*** *fffBt«lf• 

lailf «I14 

t>:-« 1 fvift |f«fi 

*ljtwlfl»tin^ 

witc>llf*lll»lt=« (1965-67) a|i|t iitift?|l 
njttnlf»in"fWi (1969-70) 

^I'stnfv Uw I fsfR m 

c^ff¥¥f»i^P»c¥‘i’^ anHff 

(1972)1 «tat¥(’« r«P< f<fw ¥ nitff 

acf 



c^c’nn 


ftwcti* 9^tti.^ir< fit 
c^, iitfc»»« itflni ^ni ^itif^f 

^iwi 't'lU 

^ricwi ftfif c^h’fi ftitw 
«nrMi*|ctf ; 

«!<(«> 'iftwail « «tl 

iFitf*jf«v ’fiwi 
<.«ih«ni wTifiif*^ 
^Wft¥ ^tiw « «Ti 

«f^cf fV mtvi «r«t^tff» ’ff3 
ntti. ^t«l fivtfi'® «ittiitf^ if It m%m 

^wt*i Wl I 
ntci— 

(’<r) nw «t'^f w: «m*f« 'H^i- 

ffW «i5t« 

ffi tT’tftff »i cnVtifi 

<1 «ti c^fsi 'tr«« «tu"t« cft>i if«( ^- 
%t>r ail I 

C <r) iflMl ! •i^ t5*tlf 11 

«tf#ftl «1¥ 11 4¥tff¥ nf ^»ltl Ilf 
w *nrtwtiti ci\*rt« It »ti cftiifff 
f^iii lif^m n^t ffiU cfti itiif, 

ITlUl fit V 

flWl fW fw ilw fl1l«l 

UlUtl C11 CfH ftCf 

L «tl f fiwtl, 1CTO* Tf 671,1970 
2. llkfi l^f«1 Wi fftW 
iltlf^F Ulllll CitftW WCf I 


•ftcf Hit cw cfw lilftiti cibti 
fjtfifff ftii w# tfi ftitif c^ktin 
€11 iMtir utitii ffHI hfi cilcfi 
fii<t^ ftntitu *jx^ fiffi «¥H 
¥11 HtSm Hit ciffll ^11 ¥lltlltl 
iHh Ifftl IH^ IIW 1t¥1 H¥tl 
fcftwii itlfms ftiifif 
Hi 1<ri^flf«C¥ f tfi:^ W ¥11 Itf I 

*ll*lffpl fufo 1|^,V 
lawi^fn 

ft ¥t1l Wtt ’Tl V ^ flljit 1W« 
Ititcif 1t¥llCll ICHlflHMlIf 
¥11 ft^f^tl ^Itll ^ifl If ( >rft¥11-l ) 

111 II 

-C~C- |-» -C++*C- -(1) 

I I J I i 

Him ^IWICltlT € 1 , €¥t 1 CiVci H¥tfl¥ 
flIJRt 1H 1t¥l1 (11 f fif ni ^11 

Itlf) ItitllfJ Cll 1«i^ Ifll ff— 
cii^ ftiiti ¥11 futiftfftn Hint 
¥tft ¥ 1» ¥t1fllt1 tftll blfl lltf 
IftlH C1^ I twtfillfl ctwmcfl 
CH^l cVllffll ¥l1<t^1 tin ¥11 
Cll¥ im I hI €¥tf 2 Hit 3lt 
¥C1¥¥^ PriJH 1¥ ¥t¥1 Ilf ¥ fiftf 
ffnt l4^f¥11 nl, Iti ¥t1 2lt la^tn 
¥l1<tl1l m/t 85 ¥ m/t 169 fill H¥1 
3 lt €ih:¥f ¥ll<t^ m/c 141 fttlff 
• ftffflpft ffifttw, irttftifii I 


«H{ltiY>I993j Cif ^nWl^lWWtWTO •WWiWfi « 


cf^ ^t ftn fitNutw^itw iwfvit ^ <rfftf ’^tiii 

yw t fw tc ^ <A '•^, C>!W«t€t W9 ntltf« »/* 226 

ft^ftlt^ ^rtltW ^ fl I ftllil^C^l ’ftWCWICfW 

c¥W CTf¥f cwPf ftifwiifiw^ utitwi •wwinn^ni 

t CH,-(CH,> -CH, 

14 

(M\ 226) 

1 i *♦• . + 

2. CH,-(CH*)-CH-(CH,) -CH,->CH,-(CH.) -CH+CH-{CHt) - 
3:1:9 3 i J ® 

; CH, CH. CH, CH, 

(M\ 226) m/e 85 m/t 169 


+ 


3 . CH 5 ~(CH,) -CH-(CH,) -CH, 

5 I 5 

(CH,) -CH, 

2 

(M*. 226) 

fit «rcitwsi cf, i*tfiii» 
WttC*Tttlff«P «•»« f#l «ir»Tf f^f 
CTO m^99 Itl’ni 

TOc«i 

fw ’Ktfti c>r«!i« 

WtUf WTftstl t(9tH ♦•!«■ 

CTO Piimi c^i'f’ftn c^, 

«i f<r^lf f«am vtc« ^tiw 

c^«. ftcw wn c*s^f 

c^ «i7t«if»»it!:«« '• ^ti 

TOTf firtl f f1 w J 

nATOHtmt^ 

‘WtPi ^11 n«rt»ffip¥ ft«i in 

< 1^1 * 1 r 

>C-C~C--C*-C- l-♦| >c-c 

I I i I J L 1 


► CH~(CH,) -CH, 
f 5 

(CH,) -CH, 

2 

m/e I4l 

cn O ¥l4i| itVTf^ 

c4h*f ntlTOf 2n- 
ftiw TO «ff« <r»t4tftv TO 

•ftn *^9 TO <r%iti 

c^ w w fit 

«rft^ i 

?W’T Ci|k«r V ^1 

TOW cni *ft>tMi ftw 

1^ frtwi ^<nit^t'«f titiTO 

^tlf ^9 TO «fjl ^ 

«ltll^l* TPjl It 

(JT^^f 11-2 ) 

C*<—,>C-C.C |+C-C-..(2) 

i i ij i 


{fi4fiftft utit) 


CTti inn, <t wit 9t9 TOi «nmi Cl, nlifii» ntiwt 

»* «. ^ke *«' It *!TOt ItTO* 

fim TO Cl mw nl n, c>i»i (*rt^«i-3) 

•tifci *ift» wn «r. ihci n»- 3 . ,t 4 ^ ,m,» 

TOf « TO TOWilinWI toTOHTOTOI 




4$ ( 26«K If 


-hUH-i-i-.-i-i'-i 

' t i ' A 

«ii4f •iMtf 

cftJi ffi Hhwi 

^nc% ^ff» 

^¥1 nftfCM ¥tit^ 

ftft cfti 'ttfw ^ •riPlwt^l^ 

ohifl# f#tfti fw 

cm <ftt^ sn c^ CWC9 ^it»itt- 
fiff <f'OT trfinti ^ 

*nt«ijti ^ifin ^*ifiir« 

f%M c*ftt{C5it I 

•rriw cliCT® cajfi *1^- 

r*i<ci ««t t<w <if#ii 
trcftn w ffi w *rt«tcftf»j« « 

¥ii c^cn ntcii 

.C'ftl[C,~C 4 <«>^\C,-Ca 

I'o ^T*i¥i 'f'Sisj frw 

«3> <rf^« wm 

A (m/e 84 } 4 |^\ B (m/e 110 ) <«| 

ffl »fHtlftf«rc^ 

C|-C« HW 
C|-C* ^i'Nl 

vuici^ ^fk nficn. Cg-c, <ra 
<Nw mwh fcl m, vw 
C^VcW B (m/e 110) vitoiSl *711 
«ii «riei«f ntc«rtjj B ff ^sn 

min «rtr®i c, -c,. 

««i «c<i fnvuw 

#11 rtc« *tttf cr, c-c «iwi nn# 

4. #, ft, fW. Pit ft. fi ^nK 
<#* #*fi dlrcif^ !/»47.1965 


-C<.. (3) 

vntcitnlf 4t#c# ^ 4#^^ «iE#i M# 

fitter «nft#C-C 

#t#f 41^ 4« #C4<##t4* 

ftlt*l 4ltlSlj8« #tfl, C>ll6 fl 4l?l4tft 

Ifnftits ^tiw intifi# # 4 iti TO 

#tflf •»« TO 1 

(# ) fiM 4jt#«tciwf<r*fit4 f^iftit— 

S»t#tl (Cyclic olefirw) 

C#-f W #« fllf 

cifrc# #41i#ii*n *Rf nil«c«i 
/'♦#rw «!8 #9 C'St# #tl45|\ 43 

#« ^ cnc# ^fs 

#cfe, ffl #ti 4tf 
c#ii «nt4# #f *i! 1 

4^ 3iCTf 4^11 few f««if 

WTt««4tl* ftftltl df 4fK C»l 

4l»^ 4| f allfl*! 4f#itC# W H 

Wfifll (Retro 
Oiles Aider CoUapic) 1 4^ ffftitiS 
5»T#H 41f4#fK 

v frftftf 4ftf1 4^v fewf cTO #14 

wflfjf 1 wwff ft ftfw 4| c«t%f <f)n- 
4fti t^hr#« 4t wfawti ftfjif •ifi’* 
Ftftw fl f 

#01^14ITO 

Nrecflw cfitwt wjftwi ifftft 

5. fwn ft«pr-wit*w«i Iffiwti 
mn^w cfft CTO 4# wtfti 
fi f -- 





4fMpifwtt 19*31 v9^ cwcwi ^Pfiwn i*woi ^flwNffnwiv 


^'^twm €itt^ ^Nrt« ¥tcv TOi j 
0r<n ftii c4c«t <«9tcf} ^ilni 9<rf^i 
w 4^91111 «r<i«i if% •in ^^^ 

X< hf<lj^< wiwi 9^*«t% ^<91 

Wl »l<1«?^ftf% CfWW 

frttwi Men CTFci finf 
»itfwn ’inr um* n i ct^tw ^ttm 
9*if^ dVrt t9li¥n •fif«t^ 

m *fw «tMiti «itfK«i ^ic^i 

ntn. cwM¥ cwt^t#ifcf fsrwrv 
«t»r ¥11 c¥C¥ nin— 

(¥) fi<*r¥ct^lnrt^w nn^ 
^CSI f ^¥M i ¥rt^ ¥ cOirii ^it^cn 

nmm fi\‘sm\ -C -X 

V I 

i4ti¥ii*fi ^nm-s! «^ttii «fjt^CTi 

^tfTci '^•i- 

’!tff¥ n ^nK cifetcfli «inN 
¥rtfnt¥ ^ticsn *?# ¥« (>i¥t¥ii*4) I 
ffi ^ ^ ft^fSnn 

41 ¥ri> sii *t5rtff¥ ¥t^f «ifiFin 

CH, 

I -OH 

CH,-C-OH- 

I 

CH, 



4FWI ¥rtMN ntiwi «ffl¥c4 n» 
mmm ^ ^ (^^^¥n-5)i ciwf 
fM •fifttw nii¥r#¥t^f •r^^n nfw 
¥nPnn ntiwi fl% •ftii <*! 

m9^ w ¥« ¥rf,<¥9ttii njtlwf«rt¥ 
¥'ij» ¥rtc¥ ¥1 C4% ¥W¥ nrNMi ^ 


¥tC¥, ¥¥| > 43^1 



¥l»4f| 


«n¥t 4t¥e¥ ¥tC¥l ¥t^ Cfti wn. 
tfinti^ c¥n[«i«f»i V «nt¥l ~OH <5ji 
4inMfi¥ ¥ci ¥«4t^¥(M-OH)¥tw 

•jf veil ffi «%€ 

t¥C5f—OH •tjff n*mnwf 
¥t*i c¥ fnfSim ^etwUf ¥• w, C>|H 
C¥44 "W ¥ ¥tit 41 ffltl ¥t»!l (H,0) 
44n*itnl wffni <nfw ««« ¥ci 
4ltCfl W<t^lr8 (M-18)¥U4 

•?¥ <W41 411 ( 4<\¥I1*5 ) 

+ . 

>C-X— >C+X.(4) 

( X-n 4t4,-OCOR,-OH,-NH„ 
-OR, ^«uri) 


CH« 

I 

> CH,-C* 
<^H* 


(4a) 


-H.O 

CH*-CH,-OH-►CH.-CH,.(5) 


(4) ntWl 4«4—^•ffi^li 15 t«^l 
¥OT <*f4C^ 4C4 Itll «rciiW4, nw¥ 
44f cf9fni nrt^ni n-w 
^4 (Noo^bondioi fleccron pair) <l|f 
cOfcfi mthw w T'i;» ¥f4e4 4it^¥ 
nntwi Ttftf ifffci m 'W m ¥w 
441 C-X 44| 41 OR! 

^ c^wn iriilCTi df •rrwC-Cf'al 
4ft» fl ( ai^f ) 


< I <’ 

R-C - R R +"C-R^--»'C—R -(6) 
! i H 

X :X X* 

<4t «%iri «f4^¥fC4f arnvi 
«wi4iij c¥l44, ftktn «w 4rjtfl4 <mhM 
0|\4¥M ilMr 411 €ltw*| 4| 44^ 
ci(^4«fni 'c¥« mt ¥11 111 I 
ClWf 4l ¥fifin C-X Ifllf <-¥fI4 
¥l|%« I'Sjl 4f5» ff. Cllctf 4# 1^ 






4B 




¥i1 «Mk¥^f>l¥t W (4*demge) 

wi ItKcftirF cf, 

C-x wi ntrff i|lk 
( < w <*) w cf «r«ll fWfw 
fjiWCT nm cfRw 

111 «•! imi «tliti^, 

<1^ C«%fCft|Wl 

nKfj V ¥11 w (*ri^¥ii- 

7.8,9) 


-R* 

R-CH,--► 

(Ih 


•4» 

CH,-^-*CH, 

I H 

OH +0-H 


••(7) 


m/e 31 


R-CH-R-R-+ 

I-►CH-R^-^CH-R 

OH I • • 

OH +OH 

m/e (30+R) 


( 8 ) 


R 

I R R 

R-C-R-R* I f 

I -- R-C* -^-►R-C -(9) 

OH I It 

OH +OH 

m/e(29+R+R) 


7, 8 9i^ c¥nt «|5fi 

itwi. ai%f c¥t iw i #in i ii 

¥C¥ *|¥¥^ irtw ’frmi 

ItCT I ^¥in ^ *Jf ¥f»f #fl¥ ^Rim mc9 

ntlC¥ lil c«%l C¥tfWf ^¥<^t¥W « 

ciiilt ’»l«rtu ufnti 11 , m "^s mwi i 
•llttl Wtl 4irll ¥¥1 fini¥tci 
fH «ir¥ar Cl, 61 ^ ¥^t¥in C-X IWl 

nt<fT» lit ¥«t (<'•<') lf«« 

|C¥ 11011 W ir«l lf9¥ |lti 
¥W Vildtf Itfll «1« ¥CT 111 Cl, 
ititii¥: ir«i iRi¥ |¥iti iN 

c¥ii wi I'll 111 in feni ¥iitwi 

ftpll UlCl^Cll C¥C¥ i«^ if«» 

in lltii cfH cm C-X iilN P' 
¥tci iofi¥ niiHc* itltfRwi 
ItfW ¥ 1 ^ cil ftlcftcwi intilt iff 
iiofi ¥tit¥ff¥ m ntci. ¥1 111 
%«11'^sl lf«i If (iitf 1+10 ) 


i”n j 


Jc 


H-<5—^ C-R-^H-C--^ -C* —► H-C =C + C‘ 

' ' ic ' ' jc ' ' 

p < < + 

H-CH.-CH,-CH-R—^CH,-CH,+CH, + R‘ 

OH l)H 


H 


•(10) 


aoi) 


m/e 31 

(lOe) 11 l^t¥lll 1 ¥% 1 , ClWt 4ftltl^ f^H C*n¥¥ti| IfCH 
m^w ni/e3i ¥wn ¥wt¥ film in^¥ i¥i! if i c¥li 

fiRc^(citii,¥nTfiiNrtfi)^itl> c^htiti¥tiinit^rthr 

ortl < l^¥ll-6 ) H IW ¥tlff ¥1- f^n ill ^«¥i ¥ ¥^|| ¥9l4Nlk¥ 
ifWIwcm ffc¥ itwi ¥¥in ¥|it¥ mtn «nri¥ if¥Pi ¥ftt<v(^Riiit¥if 
W ’J¥lel W1 tIt¥ 1 T¥TIC¥t ^imlTl TOMlr ^whTWTllf ¥1 Clfl CHI, 
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«Fiiiml979j C4R OTCit wRPII WCl WIWIfiT^T't 


firtfciw Caf^tw-e) ^ Yit^fcwi > w cflftit «rrtl«f •tKHit C-C 
iVW 9Wfl'fW« €nWri 4FW H 64^ WWI (WW¥f*'f4W ) ^H4tlT 

( »i9tw-xi0) > <4<^ «it«?frff ^Pk9Kf 4f^ ft. 4tf TO mmm 4 HI tti 

cfnmm^\ ^ 4i 4i¥!fff TO«twi^t«n«’4^4ii 

(^) O^Cll HTtlwl tnWrt <441 4ti tf 4lft« CflfW ^Itlt- 

tnif4—iii4 c^cn ‘•ftlif cf^ttii airily n44ftr4f 9«ri (*r^¥ii 

r\W 4! t^iwjfl 4W4 TOtWf IV 4tTO 11. 12), 

CH, CH, 


I 

CHs-C— CH.-CHt— 

I f 

OH NH, 


CH,C^ + CH, 
OH NH, 


« • 4 « « 


(U) 


n/c 59 m/e 30 


CH, CH. 

CH,-C-CH,-CH,--CH,-C" + CH, 

i i I i 


( 12 ) 


NH, OH 

94 ( 494 ? >Jf Vftl 4wr 444 C4>C4 m/e 30-4 
]f44tl m/e 59 »i4^ f44)i9r» m/e 3l-<4f 
*44tl m/f 58 '54’«f5|i ^i«1c4%, TO4 
94H CTOI f4Sltffl4'Itt4 «Sr 4|tl44>fi| 
(c4rr«tD-4t4f4it4 vtw) mw vtiw- 
•fiw ( 4rt94fJ) ¥r4r4tt4 4rt44 ) C4CT C4% 
4f4) « 44F I 4r»*t4 ei9 c*<9tp? ( 
c49tpR 4uf94f4f-»9) c4h44 vieff^tcn 
«t8 'ffvfaii ^arvti f«fTO f4f«4 

Cflllll VJt94t(»r4 afi^f 4|4TOP)44¥i1 
414 I 

(4) VtW-4TO 4^4^14 4|4ltf— 
il4 C^ «9t«11 Vn949 41 

4t|«ll ltf1l4T lt44 414114 TO fV 
41TO ^ It4l4 44W 4|tftt41 Itfll 
TO 4f 44 > W ffl 4Hl 411 TO Vt4(!«“ 
414 «ltll1 H Wll id TO* 

414 ll^il <H*I dteH 4i|W4 90*4 
411 TO 4tCT ( 4[<)411-13 ) 


NH, OH 
m/e 58 m/e 3l 
R-C~R 

II —^♦C-.R4.-^C-R 

O II ill ..(13) 

O ♦O 

m/e (28+R) 

ll 4fTO ICT lt4! TO C4,1344 4<t- 
4114 4*14 4W4«9 (28+R) 4t4»r*4 «%!» 
f4)t4l 14<9 flc44 11»T1+ ^ 

1441 14^ C4 C4t4 4144)4 C4)t41 H- 
4<t4)n ^ f<C44 Wl'Jffef 94fir4 
41 ; W 411 \ 

ll UTO TO 44fS 441 9ni4 111 
TOtH C4. 4144)4 cK^hfV Ct^lfl 
(28+R) 1141 C4C4 ft9|t4 4T44-4C41- 

Vwdl TO4tft4 411 11 149114111 

9i.4l9[ iTO lit i| moll 9a.n(9 

4144)4 c^l C^lfl 111 449 Jlfdr I 

+ -CO 

R-CsO-R*+CO ...(Ji; 

0/e,(28+R) 





nm f«tt, 

fOTi cwcM •f?i<n?|3f cuVc^ri ^ «ti c^fsi 
^Pif «j5f5wr>r •rtcii 
•fif^n c^ ’ff*! ^^f5ft*rwt^ 
<rfiR1 Wts«1 ^tCI, C»|«fi!HWT 
fecwttrtnr t 

f«PI fif h»f c^\«r 

>»w fiw wcT# «^?fi ni <1 
crfviti f<c45s?t?li» c^Vc»ff t^- 
f<ft>r <«l <S5f4frc>ffl ¥c«! ^»j 

cw ^) cai^« ciHni 

I a»| 

«ntn wrw cilw 

’ft^4^»tU:w nif f^arft fi^^i 

*ntrn y-itcai vunc^ ubvIS fil- 
ogfWi? wt5,f il*r!^f« «fcftws» I sitf^i- 

«tt«iff^^ •fItCl <«fil W^?ff^Ftf ^^• 
ttVi (Transition state) l«ftlfl<l fl 
^^K *fCl ^filf5|« y-1tr5<l ^tlcf ‘ W 
•l?»fifti>n »in«i «?• n i 

«if#ii ’^Tt^«iti^t!#‘« ntnnftfN 

tew f Cl It^ 'it*! Cl, 'll 

trfanti iTuti «iim «tcir<i^N #titcii 
¥^4^1 cJi’li cihn icitI i^itii 
11, ciVi«f*iri 

wtw TOf fif^ «titn4^i ftitciti 
itiw nwi i^ifii 1^ 
•rtwi cm cin iti cifti « 

ll •fftiiipftfil umit f^ f 
(Ortho disubstictitcd benzene) c^^clf 
CWI» 


^wi Hph ^litciti iAti» 
tlJtirl® 0^9 ClW«f8lf CTO# "rSNTOIl 
TO TO TO 

«f5ii iwr c#ffw( i^ifiif *gt%y cn 
CSf Sffai Hbet mil TO TO 1(1. Wfl 
1(111 Itm TO ftfn (i4)#ii-5,10) I 
‘liti fi\ci •iltiTOi /^-wi «fiff* mil 
llltin iriic# #1* fttcftcil TOlt 
fl* IflW Cll ItIcipTOll t^fiwtcil 
TO mtfilfei mific«i id # 1 ^ 
•ill<(5^1 (M~60> ltd Tf TO TO 
iti ( ffi ^-itci il^i niiticif 

ftlriftcfi liiti 1} cici 1*1 ^'-itcii 
lt4i llTO Jilfe iTitSWl 

Hitt |» lft¥ ( 11 fltll Itci ). #1 

iw felScH t** ’*15#! '^d 

itri#^^ ^ ffiSi-TOsflt w<t^tr» 

cii *5f «n<i TO I itTOH 

twicitif Cl #1 %% aitcH Infif* 
#1 fini irtttiti '4fi ci^H 
TO* fell aiic'9i t^ifi fecii call 
aitltlc®!# (CH,—con Hffl ) 

^f^ri 

nfifdci flCTOttl IWlCltlT Cl, HI 
Cltl C^CH 1-^lW lit# Ittl, #11 
cV(tii ititcit #mfit Ini atcitff# 
af#it#(ii #i| TO fi^n TO •tw 
itlfit ft# ltd TO cil arolt #iir#i 
it ft# ntti I #ii<t«f(t# TO n 

afttf# #ii#iw« tiWf am TO CTO 
ntciJ aiTO cifttii atitcn to# 

ii#if#T##Ki 111 Pntn ciitiiit 
afl#l#)l# aw TOl TOWf^CW #Ito! 
# cn#fH utm HfH TO iiH TO 
TOiatiWi I 



1972 


« CIPfW"f^tCT 
cw 15 tf ff wif 1972 ntr«!i 

cwtcvi 

f^rf «ittnf tni ^ ^t^fti- 

frf«n *^ff nfn w nm 

fClsff 

■rrltw's 

•t«ffic?«ii ftftt «V<rsrt4 K-fs* f<fif4t(f I 
fw *iiffH 


fCfCl^, %tv* ClH <tr« 

Cffff ffl (Antibody) ftn 
f H 1 

cntiff 1950 w«i 

▼! fi»iti^ ficwtwf 

uriA^fi f<ci mnv ff fcwi 

cf, ^tat^ cita 

(WI'ftc»Ji-~Antigen) »lCf HIt#«fll 
I tltn f^CIW 

iicif «riii%cf cm ntf n^f» m i 



all citafi ^1 cniftfi 


fi# iitw wcwti «t: 

cwm ^ awti ^ arn w Itaiiww 
INftaiacif 1^ citaji 
cntimr #tii i-wwitf^na <i a««i 



ill Cflt« <«. »lWHWJtl 


^ <tiit Ui* iwmii ai» i», 11 ic«* 
wriflilli ft#TOi *n fci 
itcf fiSI m itn wtli 
cvfvi frci unil^ *if«fi fwi» n 


$2 




wm vtCTi w^m 

<witi w njt^^iflr 

«il f^fiil w f 

l®39 *itw c^tlJti c¥n« ntar. cnnt*!^ 
«Hj:¥ Rw »ii I 

•ti it ncf n^^ OT 

*m«, ^ fwlh •> ftwf cft^ 

W! » 

<titi fltw #n^. 
W f^iw *flf%W I 1961 »itW f«f5f 
«rrwii-nii <rft«i few, wTtl*fe<f»ef if 
f^tfH ^Wtf Vm fill f 

w llfifi ar^ci ittwti ni ffc 
fifiil fiiitfj fii ntfttw 

w cnitot ftfiii fRiffifi itf ftifi 
^rtft Cfll ft! f1l vfil «fWntf fCf 
4f1H *rt1 Cl, ftlltff it® ^1C*«» ftlT 1‘slV 
•fftinn.titf •iwf ftci ’fitffeff® nftm i 
cnln-oieffijicfi fcwi citf f 
cfif, ifww cfit <rf®cit«ff 

() ffftcf c«ti-^’iHtf 

() wiw fii mif 1 f ti I 
^tcfi iwitfi f^lftfi Twt tini 
cii ni9 cwc< «iwn fji»ifwi 

fkm f^wi c»tl «f®titcn fw 

flf^Wtitf ft fit f H fW, f Ilf Iff 1 
^fn cnfi wn iff fti itw, 

cwcfi ffffM fftcit^f 
fWf ftiw itw fW fltliClWt^l 
ftlitf f f[tflftitif«m®tcf ftiffi 
fllf 1 fW €ftft ^m fCT f 1 CWTNtCf 

ftPv^ftciMf f« hffk fii itcf t 

iftin-ffwm 

ifitf iftif'Wfrtw cftwf 


fit fttni c^fffti ftwr ftf5ni l 
ttil fWI ftfi-fi f^fN tt, 

ff. ftffftf tfTttit (ff ctfcif 
fMNtf ft. CS6Xft% ln#i 

IfTffti ftiRwlfifi ftf fl 

(59) f i^f ttftnrtf fif. 'ttif (61) I 
•ti ft«fffwtf fiwui effii ICICI 
C^tC^tCftf ititiftf ffe- 

€ffff spne# ircwti fwwi ft ^ 
it hftibf flif f fti 

V ffti ^fti ftcftfttfiinti ftciiftn 
few wficfciciii fI fit cficftcii 

ftffi ftf ftwfcn fJtftC'll 

^jtftfw ftwicn few fiff tiiw dew 
ww fci ^Ifi w «wi%<ftftfti few f 
cf itwi *rtr^l ftllien n%\ ttii cwtf i 
^tewi fieici fiftw icfE, fi^- 

f#i wnftdt witfHf fttww wnnrtf 
tuif I ft wir fcwif WK- 

wuftf nfiftitei fiwf iiiitef i 
1906 *rte*! i« ’titf ttifi ft 

•ifff* mite^j iidtfttrwf f^ifiten 
fjtfte^i wrlfiifi fHit ftllii few I 

ft fiifTt>it fie’rt fttfSrw fjiftwew 
(RNA) fti fft-ttftet ftfw wet I 
ffftt^ icw fitftpn fitftcff fvni 

f^1f» ffWl HftitCfl ’ftfftew 

•fftif f 1 ifii ftw win ftiiw lei ftew I 
c«rit^ icn ffjf itetifiwffef 
ntnwfi ilcf fin wftw 

leifcii 

cff fn ffffd cfiftwi .1 flew 
ittw fflftfcf ftww lf"“Cft fiwti 
Wftlf few fWftfWfl I960 ffCf 
fwft utifipcitf ftCiffttCWfl Wtftlff 



cwn w, c«rtlCTi finftif n cw o(^ ] 

^i r* K *i»fl wti t ^vrlwi wot #ttff CTtw»r Ijnrti cftit 

I3r, wlifww « »R wtti 19a *rtw wrtw 

w t f^< wtfift i wmit. wtf ▼« tjrttifin ww <rn ftfiiii*i mtm 



»t« ff. «!• iHls! «t« IJI 


it>!tif^’f wf^ti 

ftw mM\ J!tf ft4, IC4 

wnw citn '• r^itfi til I 

witi *1? ctfw t«tr« cn«ciw 

f9^^^ ><lffsi ft'Wt’fll ^tii 
fwai fttf^ttnn wti wn 
(49), Cltw WtWJtCti IfW1 atiH 

fttRllWCTl (42) 011^ 

fiwtcwtfwti cnaPiwtffit fttfitfwi 
•tiwa^tii *•>! llfj »|« f 
Mwff •ffK-tfwtw t«fti 

cwwi iimff wot 1956 

WtOf tlfWI WW ftllWf 

TO c^Jif (^1% w| fnifn c*m- 
Hinti 

W*ffi9Wttfn«ll (Supcfcoiiductivity) 


» #«ct 'Itf fs^ I %tl*lf CfCf 

wfi-nf«tff 11 a"»tc6 nc44*it icf 

fW WtfCf I 

wfi f4i ihfttn wf«-nf«tffwi 
wtf^ *ltl I 4^4 Ctlf <M)^W 41 
•HfHct *Hf ’t# ttnilaft (—273*0 
ttftfIff til fi, tft tti ^n>1tt 

cm wi wtf >ir(< c«itn ntfi wl 

'witti c>it 41 CT^fft mK wft ff 
•Iti tCfl tl tW WtfftI ’STf*! 
Ilf I f41l4-*llt wfiffl t1«l 

wMtft in f tti4, •4tw wttt^ tiw 411 
1937 mw m^4» f*frt «w^ fSftti 
wf<i^wfl4tfftl t"nc# tfw fl ft 4^ 
(B C S) tf (Ittwcail ntm WtfWl tim 
f tffif) cnt ttw r ttw fitt, *fw 
•^f TOTOtl llwlCTi TOI tTOCf 
cwtf W 414 Wff fill 4ff%* 
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>l\W (Cohetcncc) cfll C?fl « CWI 

»fwlw w» c^v>^t ^iff w- «tci firti itt^ti finpf I 

«if ftntw If, c^ti-ifti cnii w fw n%*n« to ^iir% 
wcf• nm «tii ^fi*rt«ti ict f^ <*ll ft^fi fit 1 



®l« ^^ <«». ^*in ’’It*, fef 11 


itci I nmti i^c« tfiii « cw^tcifei 

Cf t*! Clttlf ^C1 «t I f tiw •it’ftwi Vlf » 

ifti[i 01^ iitMci# f t<fTi*i en — 1-1- 


".f-i«H cfcii i(»ti ti c*i 

ffic« 'ICfltCl f<lltl6<tl 

cnf^tnn^ ffiii Prii ft i -iritit fintin Mt?i citw *« 

lit ^tfi fici, tiisi 

«« ftffn if*ni it¥t f^v»i I iiHtw It?•Nrt ntftw 
w it«l ornf ’^■1 nwf I 

tin i* 









'Q 

— 1973 


* ettm 



>!*are «“f^cn ««r4i*lc» 

»if« ^CBfi I vug ^fi| v«(«4 c»tf*i^ ♦It'S (Aven Ck>pin«l Saw) i 

(Fret“aaw)-iSiB sra f ? «twi ar#t« ^ VfCWl IW 



"H * 


araati ^fl cac^ •»tc« i mn vtai« (^fts^si) f^iTfi?,-- 

ma aifCf« vat ’f’(itc'®« »rfftc>n aapwca at ^tTw^atta ata i 

wn Ufk^ >•> «f^ 14<^ ’ft* »!’» ^fCf I 

Tfair^a waca c’fcfw ^%a vr* ’fii cac^ •?«! i 



titrw tm fiti nw^ f^mn Wit*i 
cfcf fi ^ ^ *wci ’ntw 

ffoi ^ I «rRi TO iTO TO CT 

ititi ftro *fH1c¥ ^ TOt« c?tt i^nr, ^til 01^ «ici mtm ^ 
TOTOTOTOrwcfi %OT w TOt« ^tcWf TOTO fro ft« I 
«•%%¥! ^TO«: w if *tR3itffJ *11^*^ I 

?rtln fwTO it*iti cfjf iTOtftft (fw «fti 3000 
) ii CTO ^ CTO ♦mi I ^m\ %di !?to ffiTO cro 
^m ♦rtii lf500 irt4i*r *fi croi w ^tcn i Hiwt% 

58^ *rr^wi itcf firft*^ti ntit**! ?ii a\ ffil ii i 
'Sfiti irtntw fvw urmcni^cii ifwci^i m ♦fi-*li i-TO fti 
♦fifiti iici ifjaw ^*11 ®tii cic*r oji^sn cro ci^tf i 

♦ftTOl ill ^3pl Ifl^tl fit TOtl, ff 1 Iff ftCf 1 
frt ill ffw f TO f If TO H I f tTO Offll nt^Tllf TOtl cal, Itll ftcfl 
ftlltCTO WfiTO 5tti ftlt^fl ftCfTO. llfti ClTO tffl TOU 
TO Cl fi ftf, fffro *tt^ cfH iti, ftii flit ti oifIt ifi iti 111 

froi TOc^ ^cfi ititi ftcfftcf itittii iftci citTOH fti froi cro 

ftui ItTO ffCl Itll Clf ffCff Cflll ft^tn f111 feftifl ffCf 1 
irttiitim 

iji It ^ftftrt Cl well wtl cftf ii cf 1 , tmtfifew ftor fi ifi 
meiil w f ffil^ \ toRto fill f tici cfii TO 111 id n, 
fl flWl f^lf toI ftW IWCf t fwf4111 ff? fciwa, Iff citftci" 
%f 1 fntcfi TO i(fi citftw^ tci ifiti «fiif 1 CTO TO I onr 
ftW TOW i fltl 111 Cftffc< f 11% itfI ‘W Itllffl I ftljlf 
ff ^lffli C W TO, Cflf %« tw Itltcif TOtll ♦«%?! «lf Cff Cirf 
TOI CTO CTO TO fW 11, %Cf ClflCfdl ff^fCff TOITO 1^^ 
TOClfTO TOlIlf fd M dftl I fwit%n ftcn ItiH Cl, ffl TOTO 
IffWl TOICW TOf fit TO CfCf *!tf| fltl I 
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Raw ^f*ii’i:*! wni «wfii owt iti< eiw 
<i^ iftcwi ♦n^ TOPPW *w ir«Ri ff, wRfi ncfj «in mtcwit ( ^ 
«itiir« ftif»t mn^ wKm) «tirt mn wt n i <«?i f*fTO fticv nm 
wWf 1 «i»ci« wi! I wrt ^% *ifi3jiw¥ •*l?lii Wf ntnr tppfl 
*I1»RF (?K»f c^i; «t« wtwri v^ti ^ 55 * *tt»w I 

•n^i wi-fitcif ^<iT »ifwr« mmw ijt*ft« oti—«« w % 
vitctw fiiii I iitc^ t-tufli w»ii? *tt?^ ^ cw 

ftfer W8 tfWfn fw cw, offR jfKnr «wr« <?mi ^ 1 fti <«??•! 

*it^ *tir ftfiM ^9 irtwi 5t*T c^fw* ow^ c¥t5r f^ ^ 

nt« ft I l^swtcni nt^ ntfiwi «riti fw c*ftf 

wfjf fni «wt« ’nfttiw ^Rrw w 4liWpj ft<(lflw 

ifTO ww ¥«« 1*1 ^w ^\ I ft^r» *rf#i^Ri( G. v. T. 

Madiews «Jm Gustav Karmer nitwi ¥C 1 c?ftc!n:f^. *lt<rlfWW 

ffPWcwft wftc^wi*»t^cff *r*fftwfttw*it?tai#cii fti ««W 
•tt^cwi art*(tcf (?w sm * CTR««cwi itwf w *iwi*r 

ftlt wtt mi sii—fti n\^m nn flw ftr® cfm 
m m I *ttwtcff •f^ ftw csi^n ?m*rm ftw ^jt*mi «fl^ «, 

aarNfftw OTir nw orjcv 

•ftCT ^rcsHP cfti ftar '«r*r« ftcsf fttwi anrti ftw 

«it»ir»*itcii 

^ citf ’ll cf^, ni'^tDfi (iff ft^cw wm9\ c^ CT ftro *rcTOi 

ctI I iff '« «tft» mftft wj 5fc« •« ftR ff—«tfti| 

^fmt icf. ««cfi (w¥ ft<f »ifti iRfri ni*jft¥ cfti iir fan cm 
cwt^ TO*i^ f f 5WI *itftf isff« ftw ntci, m am nfim»t*P*ni 

wtwi iiftw^cf w fn ftcfwf w *rrft witf ntw fjwi m »nfi 

•fwr TO oiftni ra I 





^6 m miftl 2t Cf «ll 1C*I11 If 1 ^TflUt 

^(ff fJfwtf cfWc?i wH cwn^ *ft«?Pnii, %\ |fci •ff«l ^ i 
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tntii f f fr f!n 1973 iflitf«f jtcf'at* (OKI w >6 9r*»tffcf 
**w’ 'e *ff’ Clift fciti) I cftf f% m wt^cf icf ft^« « fW* 

(?# ftCfl ftft 4ft Cf Pf, Cfl f tf* f *|« ftfUttl ftf# CWCf 

ftcf tcf I Iftw ftf !Cf f*1 f ff, 151 f fTl ff ftl ftfCf Itf I «lftl 

ftCf f<t* flticf 4ft 15 fTCf ^ftfif twtf fl ^iftci 

ft« nfB I Tiitn 1973 ilfiffi 1^ fftl ^fftf I 

Ifcff f f#i ff 1379 ftt*n mcf f 4f# fittffII ftwit 
tfw ftn Cft I CffftCff fm tW, 4f WW flfl cWf flw Wftf 4ft 









































































58 1« 

ftffwr HtCTl OTI s hwt^—31, hni—31. 32, mu—*3^ 

mar—31, mftfli—30. mf%¥—30. iwtfia^29, 30, ain—20, mmr— 

30 OUR hai—30 I 

2. f% an fo! ?— 

a») 1947 tlttiff 15> 
a) 1950 iiipm 26c«f <awttr 
«f) 1969 2U«f>im^ 

^ 1971 Elnara 16* rafcmn 

(af:» 61a? cwa) 

arariin amai >9 viv a^« 

• atfl lalWaa «ri f^iafjRta fVfiiai, ffaatm-9 


1747 an»! af^a cat¥ w wtttttaf 511 ataati arc* ajtt»ra- 

atfa aLaimataiftc^ Hia ata an ^ifw[ fer c¥ftr® acafla 1 nvt c¥ta aar 
irtatw C91 atii 3W1, am itaata aar ca»n ajM caatm aa ^ 1 f%i «a* fji- 
atftwl^a *aa?t<ta acw f«*tfaa-fa rnfaftcaa «*faatfa^ a*ai fan 1 
■ra^acva ara« a:jRi acw catattama oi* wtatcaa aa 

^ataa mtlatfa ac* i oi* w acm atta aiamati cata i caf* 
matm ai, c¥aa ¥ta 05* catcaa «if«ata an at? 1 

31 aaa aaa aa^ calacaa afaata at: ciaa faa atf% cata «rf%attcaa 
**tta cat ana 1 aiiatma ataa aartcaa aw* fafa »!aj acaa ca, ^\^^m 
nmca* ta a^ cna aaca. ca* ca* am atw 1 

»ts aw aica »iPaa atrfn 'Itnttir a m^aratact wmaati atff 
tacacaa am catataa mf*ca ntapm ica atfcan fawra waatamta atiam 
acioif wfw m^a atw'a* cattaa «rta*ra fta I waa at*cam oral 
ati ca. wa wta tTiatam 9 caam^r aa* atatf 1 am^tca mi w^a wci, Hi 
am an atn atw ai n aa^ alta*i c 4 ca an c*t^ 4 lat aati*ta aa, itam 
atcmaCTanwa^altciaatfafamanaaitai^ atlcami^ 




vsfn J »» 

¥tWt •IWF »t: ( 5 rt w?« wwi wW i inpntwi 

¥W 5 »—^fi ttwi ii^«iwnw ow urftt ciwnw 

imti 

15 W aKitw>l «wv ^ hwtf 5 [v ftcntwfrit tfWi i;tfi citl 
TOSi I ^f%?tc*rB ^ ^ <WH c<i, 

■rvHtf c-ti«tc^ TO ^TO5i nfl ro i ’•tf TOC* 

ow? Ipm •!f%C»f iwof ^t5?, W TOTO «ltw 

^Tf% cftm nm i 1535 to to ^f%cif 

c»i^iprCT»f 5 ^TO ww %r«i TOT ffsf TOn <itirr< 5 Tai^^^li«tTOi 
sflffl^Cfl TOfI ClttH i ^lCTrt%« SitfffWl CitTOItl 

wvn TO C»lTO¥tl TO^il TO Itfnt»!T "Itf *1^ ftl TO 
^ irw ftmcf f^«i 5(F^c« itc’f*» i ¥cii cm TO 6 froi 

*IW 80% Wi! ^C«tilT TO ^cm I 

1564 Tot «TOw itftw c^«T cnzw c?c«i c^w^ti •rci ififcfn 
TO Cltt’fl ¥fC*T TO* C^ftTOTTOJ TOC¥11 «fpi 

toTOi « ¥«(!•» '€H'irtw TO^t 4 tir W 1 fiTO» 

TO¥ TOt #jtc^c 5 Ri ^tci TO^i^ toi « itlroit 

in ntn ^iti TOni €fTO ^fci i ^rtc'^n irtcifi cm t "nitf ¥t<i—cm 
iti Cl, CTO m TO TOti *fi ciNf»t« ntRcf 11 TOtcnn nw 

ClCW 1 tC¥ I 

1747 ntcni 20:-f« »t: ittn wn citnrTO ntfwf fro l#Ni- 

fn#h«ir»¥cmi i-ir i-nn to itcit ii^icn TO «w 

icm TO*C¥ vi; «if« flcn TO nt^ti TO1 TO «iTC*fc»ii in 

fro itc^R I fWi TOI 1 ffcn finili nw i-ftii fvf^TO cfm it, 
TOrn*wnc¥ cnm n Elixir vitriol nrcn 4 ^il^ TO» TO TO m 
nt»ifWi¥ «ififn» mncTOn, citi ^ifl«i? awicw to wiipi i TOW' 
TOn 1 -wnciF 1 ^ 1 , n«ci 'i wiii& froi mtm «nr TOw if ft to njn i« 
TOiTcniTOi* w iTO cf m nni TO ciivr ¥ci nroi •TITO TO »«iT 

CTOfTOCfTOTOTllfr TO TOntl^ni^l niltClF If 

fncnt TO 'll um TOitH TO « niTO w wn^ i« i cm cro. tot 
TOiT« ntfron cTOfro, toTI nicro TO to '•dn * 
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mim tg (zism ^ 

•ts fire* ^tf% cit^ jwi 'ill grw i 

c»it cgi¥ 4lf^Rti gfsaw t a rt f cvi f<»t w»i1« ntfwif. ^ ^ ctwr » 
cgn>pi f ^ 1768 »itc»f •fWt »wi €rp *rflgtw wn « 

♦ttf»c»i^»iCTr C5R f»c« nt»ri om ^grtm*fqprfti 

otiTO Wrt^pmnmni *!cto wgi wi fti 

C«t^ €ffTOtC<I« 5»ti^ wt; fii« cw^^ C*K»W s*l I 

1795 mw «t: f^V9^ nm *r» «tWT¥ imtcwi 

sitf^TOl TO ^ nfi«ltw *nf« Ci»I^ « ft^fftl irlf« WZ9 

mftgwi t5|«t*i«i »ni]ipf^ owf^ wf%st m^^ I 1912 »rtr*i c*rif»rt 
i»fliaifw •I’ttCT 9t: »ito ’icwi ^or i 

«tf*tl Rtl« ^ •w ^c<f RTC^flvm <fl¥f ^ «>l (Rt¥ 

Rlfw« Sfc^si I •<¥ lt»t« CHZW Cf^ TOtfl 

^ 50-73 «fC^TWlt ^Wf <lt^« I 

«wK«i ^ nft’itf 01, an TOt 

gtf^ I Rt« «tf ft»ii ntf^ orw «v •tgi. cn% 

Rf^-n ^\ RW Kwnn ^f? i 

<*ttl Rstwl W, f%^fiR-fi| I 

TO I «t« *t%fw TO gCRi 

f«Wl!i-t5r-iS^ 5|| TO TO \ oiTO ’Rtf^wnt^rtwi nc«fj Ritfvi mz^xn t?! 

gg 1 gill goil Rit«1 TO I 
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11379 »itc«w *w% ¥jrM9ti c?«it fcici i m ntwtcan iciti 
:-4Wis 1973 ultcwi ¥irw9tci cn mim 'cnt^* <rpf» f^wt^ 
^ci, cnhttm c^t\ <OTi I itini ^ffi« ^ fwif c»i**i fciw i 

*ii«n hntt wti, c*rwtf w ntfii c»i««*wp’ c«!l 4 «cf 

viti * j * ^nrtCTi fwi I '•fti ‘r-<f ni *2*. *3* ' *32* wi ^ci cftti am i 

mpfi i|fi <M*, *^Pitf 4ifi% mijtfii 1 ( Niff iin»n 3i-f«ii^ •rwi 
ifW ’f ntm wnr 3i flr?«riK4 i|«tf3(tCTi^i «fi«n wt« 

f^^?w»?Nfti3fw#(9rCT^fCT,«i€Knwhf»fc*titi minnmi m m T 
fum c*il wt •!< *€>rrt* •tii i twt > fi< mfit 4» trrf ‘iwilr 
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nw «•«<!» utittF*«« 31 ftwi fi 4 >wtf 3 fh*m *tn^ 

jl caiMfti wtf ni»« 4nii ^m >itfit« *n’ 

w ntfti 4i Tnw wi fTirt I *nwi nfii, *fwi »tar wti 
f^i ¥a ^11 l’-4i VI v4K <1 vti ft«vfin ‘^Ni*, *vl**Hitf^ 

»ltf«l 4| tlTf |i|W ffW f Jtw«rf ^fli VfV *»7(4 fWl I 

^ifi, V 4tw vfvtw ^tfirciv vTtwvti vii 4tf i vw *rtw 

V^tVntJt nfk 4tlVpll WCfl ••IK •fvvfiw WW^Vt4*€V iWCT 4tl, 

vtfw Vfv 4Ttw®til8l ftn I 

cvt^fi c^lt vtt cfciff I 1694 nftiv^ ^vfl vin ntwi ^ ni i ] 

2. (¥) VtflMTtW 

[l^t «frt <nn 1973 thcvi 4jfi»ivtw cir^i wtcv, > tittvi 15| virtl w i 
••4*1 365 fir4 V 52 >T«t4 1 ^4 4llf ^ 4tC¥ 52 4Vtf 2 fw I 

1947 V 1973 titcv 4WT 7tf 4 19|J >rt*rtl1 IWCl I VHn ^tCM ff4U^ 

1973 tlttVi 15l Wfinli lV4tI 1947 15| 7x2+19xl«33 ff4 4 4«tt 

5 ff4 fnfin ft4 t I5t V4tl, 1973 C4Cff v^t«, 1947 15^ VifttN 4tl f|4 5 

fw4 fnflti wFfti I ] 

(4) 

( 4 ) C 4 t 44 tt 

(4) fr^fvlTl 

[ (¥)-••« 4« OlVt n«fvc« (4)» (4) « (4)-41 CW f4<l f H 4tl I 3 


«W'e^ 

«W 1 ,: Cft 44 C 4 ? 4 f%« Vt <4 ff t vtl «tf«Vt 4 »mc^ (Vf 4 ^ I 

1,: nltc« (stcvmtm %1^ww 4t» mn ww^ cwifv 

fi I ^ 4ftV4, ft4tftart, "iftcw ftfvi • 21 % vvtwtftv 

C4¥4f^v >mtt4J VCf I bwftR 4lwvtftivtl ft, flft, 4tl 

•rifftBI 4ft4t4 CTft 4tTOf HitCil WJ vt vtvtft WCT 4ftv <1 an » VW 

uwt^ 4ti cfCT c«tf444 4C1 o»tc41 vftKVf 4ptic4nrw 

ftWIVCTI CVtH4llCl4ttc4t4Jt4mi4Wf%4l4r4C4 Wftf-ipftl ^OTV 41. 
41 Clflftw 4tW 4CT nCf I •441414 4tHci4 W ft! C4{i141^ 



MM «3 

C^ mM fkM TO Wll. ^ CTOi *5# TO i Utilftf ’•ITO't tTO|f% 

TO ^ftw t «tltor TOjt«n, If, ftMil f,cft«wifMR «rff% 

crow TO TOtf TO I 

Cff fTOtl TO TOtCT ^ ff 1 f\Wf TOftf CW^ TO. ff 1 f 1 
f ftir» TO ff5^^ ftffnr cfff<, TO TO cff 

ftf TO I tff t« *w «f5 fT^fTOf f<fTOf W9 TOr», «wTO , fi 
If Jtff ffnfff €rTO TO r TOto f, fitTO, 6 lflf TOtl, ff- 

iiM, «rff«f ftTO cfnw cff f♦tTOi fft fff I cfffi ^ fcff mi 9 ftorttTO 
■ffV CfCff ftf 1 CffI fTOtf TO ftcf» 

cff f*fftirti TO ffcfci«% «rnrtff to TOff ftf fit i ,ftTO 
TOitTOtf cTOlfW ftwil «ITO ffit TOtff I ff. ffTO. ftff, 
HTOtftTO TO liTtff ff f f fff f ft f ti, ff I f ff I 

flfnn ftfT TO TO f «TO TO cf Ifttff ft ff. fi frol TOtf 
TOftn f 11 ft I ^1 Iftn cfcfI fTO TO ntf r ftcfl ciffif TOi 
ftcf lftc*ff nfifftf ftcf ff ftcf. fti ffcff Iff cf »fi «rc«tff to «fl 
TOW *ffifftf bfTOf *tffTOf flTOil ^fIftf ftf I 

flffPff CN 

• f«fe« r?fiw 'rrt^ l««»trs»f i <»Wf. ff 5 |f t«t *9 




fffc*ncfn-i 7 -ifi Mmffif 
nm 7l frow cf rftfft ci n cf cf ff cf tf 
fffff fff TOf t faf Ml fTtcTOf1-17 
f TOHftf ffftMpf fWI fCiffl I f TOf 
TOflwl fff fw cfTOti ftTOf 
f f<f tiro 37 f fi fwfrtiTO ff, Wi 
ff^ ffcf fl-f|f. d t If ff ffffffWf 

f Nl (fe»tf TOM) r 

TOTOlcff cffi fTO fiicTOfi-n-fi 
TOto ITOf IWr TOTO (ff*r40)l 


TOTO ff^d fffw fnsi I i|f«. 

ftcfI f <ti frit ffw cftftf > Mm (TO 
37)1 ff ft ff f Iw TO if fffM TOf I 
fjttnt5fi-l7 TOftw fTOfti 
Iff fim fftTOftf fHfi ffi «•! 
ffMrcf fiilfitftft* ttwf fift («saiii 
Cltf^ cTO«m ) TO ftW ftWI fllftil I 
frtlTOf-17 fWitf TOf f «fffW 
irrtfl ftn ft'Cii fnfM» ffifti <wl 
1 wi ff tf TOfi fTOftIfi I TOiftf 
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mm 

Hw icwi tm « nf tv 

wftv< «p|f^v fkmn vui vvl^ 

^1 fcm ifvivf cvcv ft-fi ^ w 

•ifhrM »rjtwri ^i.vfttv Otvii wfwi 

f Jtf '«f|5 K9 WftfH rttv f¥ 

nffwti fPi vw, vtf *fflwr*f vw 
Fv^jd ivf^cvi 

•IVWl VIV i(f^C> ffk tfJftf 

c^i ow^ Ff< nt wrfjl Rrvfw ^iSti 
cn» iti »»'tftt^y cv\i 
^•fffiivPif f^rvrti w I wrn:nfr-!M7 
^ftff wvf cf >rv»r n fSici f5reifl»», vti 
««v|l vf«n ‘wr^ili vftvi’ 

«ii >rtfttv Fv^cli v»itvti vf-fWtn 

Miwfwi ftv vc»w ^ilvmtci f¥ ail. 

VI ncv 4|B •fitffi vnt 4Fie 

« fc«ii tfvW I trt«r« 


% mmm C 2SV1 m, iv 

vff%tv n Ifr#Hfti^ff jff 
wtv VfRtai VfVtVi vf^vcll 

ff^ vfvti fff‘ <4f vtftcfrr ^ 
4»tJ n •*^«itf cvtF* Itcf fRi 

nvn «wi vtf vfii wn 

VCi I 

1972 vtl^l nm it^ 
1-25 4n ftVItWf 

fW^cl f^ltll 4VtVtf VfW VCiaf I 
iS^fvcaW wtii^fW ll1i4-26 
tfH FlVftW FtV FV VfMll ^ ft? 
vf?tc*rtt4K7n vftapri 20w tvtw 
Vfiiti Jffi itf^i 12-54 I3i^ ^ft 
^iHcf «vti fftntvti WV14 vnaii 
VtttntC4t-17 vfVFtWl VI fvill <4C¥ 
•titc^frcvi vvtvcvtv wftfl FirvHFU 
4tt«r vt« ntittaii ftF ^\ I 




il cv%i w f^. wv 4 4n. »v «%v 
‘♦rPrtvi 4F v'tti*!' (vvtPffi: vw^nt 
fV, itVFV^ 4tVt1ttF, 2n\ «t4¥tv 

Wl W, vfi|Vt«M2 ) t^^l5F C44VFCH 
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uttftfar fTwtwi «ifr4 

niff ^frrnf ff nrlf fli 

f tf rcf f fcfT ntl I ff 15| ffl ’72 A 
c^n ftnfnm fsi^cf fftifm Oitci i 
fj%n nfun. flf« nuitif 

fn^ni[ftf ftfJif fwirn-ntfntf ^fiftcn 
‘tfJ nil ntf I ff^n^ftf flcnn nt^- 
ftCTi fffn fffti ftff f fTtfitft I ^tftf 
niwtfnntn ftff ff nfin nnff-cnnw 
ffitln uti ftfrtntf wfntcfi 

ffff mn ftffcf i 

ffh nfififi nftf iifitnf 
fin m'ifi 'ftfif n^ni 
A irfiltwf ntn^ff nt» i 
^•tn nftfiff «ittfn njfif ffikt-firnn 
miltn trifil nvtnffii nriti ii i A 
tmcf <wf fdfitff nnm 

ftffi l^nt^ frWKfi f^A 

ffl W3? •W^ ^ fHffif If I 


•ifTtnf fftfn^fti fiwn nftftrt 
nitn-cnif, ff«rn-ntff, fcnff 
nc^rnfi fifif ntwfwfff i 'Sffti 

4iTf n^*nc< f ifnitcif, ♦fititl ♦tffi 
fini, cn\if f fftftf fjfftci fl 
flficif I fflnn citnfifi Icnfi ifin 
^icni tni fff n<« ffff ♦tftt tni f« 
f'luf tf n“nrf n f ftit fnitnn i 
ff<ni[ftcn f^fw nlitfin fifn f 
c4cff n*if nfffi fi^fcni 
itnri rtfi niffwi 

tfnitf ftitff f »i »nrf f w Iwf* 

frwftli n| nfffwftnI iiff^ 

ftfn fffi fftnri nt<^f nin nfirffci 
ftftHf^f 1^1 f f n nfiaiin f flitfiinn» 
fMni[fttif f 

fttf frnfi itw I' ‘«fn f f^nnr 

$ 

n^fit# fitifi A fttnl f ftiffiftt 

tcfcf fff tfw ffintn i 






otfii^ar 


fMw cfW 

ff, Cfl—fp 

ntf f%t ¥«i^f ^iPr I ¥¥c^i ni 
citw cw««¥ c¥t^ 

I|t^¥ Cfpt fl—f^^t^l, 

«itiitn-¥twtwi, 4tti'ilici iti1fi¥ 
cft^r Un <fii nU f^i ffi 
iftf CftCT wt^fl *fl ■ti'lMI 

wi cww n»ii¥rt 

*rtcf *11—iJNtsf, wtftn 15 

ffi ¥ti c^*f m 

ftfilcf cw fii tifittf 

C’T^I-ftW C¥1 ¥>l fW r«l— 

W% ifWf ¥ttl ‘Man in India’-l 
¥tfl *rrw c*r^- 

cftwf cftitif *if¥iw 

¥tfC<l »ftftiCH ftn nff¥tCf 

fc*i «l, fiftnrit* >rtf fiit¥Cf 

^ fit. ¥trf 

'JififtPif « f^c!i^i-*TCf ¥cf 

f<r>i »rtff«T *ifi*fcf« ¥<<(i»cn ¥Hii- 
C¥tf 1tC¥ ^1, m9 ¥¥tf 

nflart—*Tf ftf«r#i ¥ftf f^ili ¥ 
W1 *r<ftCI fWtl 5 «Htf 1 Anthropo¬ 
logy-! Atiatic Society-! n^t- 

*lf¥l ¥tt. C!t'11j:i ¥t¥! ¥!1 

«!•» ^ifirW |l ¥»!%< •fff ?¥lt! ¥tf 
ftf ¥« I «f!fi iltC% Cf!!tll 
'•ftf Unwet&iry-I WH? 
p,m «!| ¥tffPlfrfW¥!C» ClWt^l 


ftCfl •I'itl fHl W ftfSwrit ¥tf 
^fwf ^efilr I cn <!!i 

fcifw 'tff 15! «hrtF 

f^ltt*nr wet <•! f^ir^ f!¥ 
|f#5f1ftn!i ¥tl 

W^tcfi *rwfM«! fCl! f!¥!Wt*lU 
!!N0 ’ft'fl! %. fk% 

»fa f!1 ¥!!¥ dTfl ¥11 f4, 
¥t»nry6 C¥t! ff! in C¥^»|fl¥ !f¥¥ 
n r*f I ¥til¥fc^^ ¥t«C«*t I 

!l¥ ClCff!*!. C^ ¥1 ff! 
C*r nt¥^¥^« w dlf ¥tf ¥!C! in 
^kf-f ^¥n ¥¥« nl¥! ¥lM.rfi^t! 
!k! ¥ *1! (!, ¥! !JtntH f^Cf! ¥l!l*I 
»rt¥lf\¥ W ¥lt!l 
¥!tl Cft^ ff! ¥*l¥l !! fk 

•#« ^ ¥C!1 WT ¥¥^l !J! n"*|# iftf 

icifi¥ I 

!t!C!! new V 

nPk I ftlc! C!C¥ f!l(«¥ C!l! IfWfl 
new C^m W fCH !1 C!, fviw«¥>! 
C!!Cft!«l !! «jf¥Cl f¥l C! *f! 

¥t! «t! ¥l¥ ¥tfll, ¥t!l Wi|C¥ 
C¥f*r ft¥flt! ¥1, ¥tl1 
^¥t!tC! fl¥¥ ¥ ¥¥tl !f2l| !f I 
C! Wwi fW Pki ¥ti ¥ll¥ !ll| 
•rft¥!t ¥C«1 ¥tWl!WI^<!(ff 
ft!, ¥1 ¥!-<! C¥t! f<!CW Iff ¥!f 
¥tf ¥tC¥ ¥¥« mit!T cnuCl ¥tl 
irii^i5ii¥frr cwi tri, !H¥ <¥t¥ ^ 
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an ( 

ini aiwtlt^f f|iy inty, 

»rtfti*ii cf cft^ ft «»cti itw^(« 
citf ^ cf*r, Wnw«ff^ nwn atitt 
>rcf CTtafftf oh ¥iwi I flrwi wtrf 
fitlw ttfi ncff ii*fcn «fi '• 
•sw Pro ff ntcf, tfi cn nt»fti 

csli firii I 9tf nrv <8# ¥ci cf artu 
wcw fw far c^. «tf «rcf 

^nc«f fafi 9«ft mw «art« ’rfti fftw i 
ntffwstr fft at, ff 1 cf|ff ^ftr 
^^C'l ^rufw ntftcf, Ui^ fittft 
‘fcf cncf, ntffiT'ftsfci 'iTi Ttarf fn 
’»! ntftffjftfi ^ff 

%, ^ '^ra'Cff nw fmi f citii 
vtif I 

attw «ti *1'^ ft*l Cf, arw 
•ii"nf wf^ij aii?ti nfim? 

nan cnyiwiftfi ftf, ffi 

cf cftar ftictl cftf ffiftn cfif 
’ifftw nfimf w nartfi-^Jicifii^i 
wttn ctc^ «rfffWi 
ici ntfw *ifncff cnVif ffftci 
^fawti (fl) ftin •aRlif^fCanmftw# 
n imcit cf.«t«cftwi w frt 

fwm *rftfttf a*W <1 fC«« aftftH- 
»t«l fM«! trtwfiff ¥ic«i 


«•«! ntftiftlif Cl, TOCfi ^ 

Wftf aicar fc«i I ^fftn Itw fin 
fin fiai itiif ipi n^i§ dd firtf 
%n ^ fifttf ittf wrait 

fin fiftfi ffw ifitfwn n#tc« 
cft ’•iiTi mm l\ 1^ fci iticfwi 
1^1 ftftici n^i c»itftf fif^ fci 
ftti 51 ftfii n lit^ irff 1 fci ffli 
1^ fin Un nm ftcifti imi 
ftitff ftH^ cif fcf in •fft cfi 
f^rl ftft cnw civ ftl 

fciftr itit fti iftfc fli ftcfi 
fUi ifcfi itftfii, ffi itn 

fti ft! fticfi n itcf, ffit fIff 
ici cw 

ciii 1*1 Ifni ff| ffi ftii iffi 
fiftfii ff n»i cicf tfwfi n% 
Itfti (^C^l fClftll I ff tf^ill 
ilti ftiri tfw cm ffmi iiifrtfcli 

f rfiiti^cfi icii iti fit flit itfitMi 
flltf itCl ICI Clf 1C11 ftltl ftWftftl 
ft Cl ftiftit#!ci 1^11 fit n fiifif 
iitfcn ntf i^iffci fifti ftici 
f fcitm f *1 fill -ifni fill itf f fitn 
f n-f 11 ^ ftlcii f fci vri fw i 

fill 5C1 iffitf fftiil ff iiti 

ifti ftftcicii ffi ffm itii ffi 
iftifilti.ff Itftcifl fl ftltl ffH 
fit ffitimill ill 



fspi'iiyin ^ 

WOTii^ ^l*inj(f 


fmf«r/ itf i^c^ <^lin«ri 
ftwr ««fft *li«ti ^ 

fmi.<!^OT^<W^I 

f^wts<ftT( fliwi ftwTwi 
»itsn -rKti iff •f^« ff*! I r#f 

jfrtHff f^Pi Tw^n I 

fNi '• winish nfCf iti ’iifnf 
'• frif ^•itWtf iWl ’ft'W *ci« ^ti 
^Selections from Gandhi’ ^tuf ejJj^r 
tWI <e| *»ftf'•fft w 

eifi ftc«<r «e^fw f itf ai i 
1945 ^ 30ti fftc>iff ^nitfi 
eft^i irt^l #1^ ^ttn*f T^^ fw^ 

CTttW ’i^nt^ ?Ha| I lail ficw 

oftf •rt^lift ftif cti« 

ntfif 30CH 

(will TlKd W iff 

wv ftrftk <111 c*rt|c«w, 

w <ln <w 

ft^iti nni fft*i) I itcf w<ii fw 
rtiti wf ^wi c«fft wtim- 

WW IIW «11 '^fl ( 4f tin 

ftf iftWli irtfkf fitN •n wtn fw 
nf nw wm iciff•! J «rtft «tfti 
iw ww ffii iriti 
TO ctI iKi i|f«flCf ?lii 
liftri TO*3gl I ill TO Itfl CTWff ftii 
TOtd ftffl TO1 ntw fll-IKtl 
sift wAff—^ l-ltw 1> C*tCf 


lift ciiftfi ftn irtfi TOtm 
If Iff *Seiectiont from Gandhi* 
^Nfif c«i frofwji TO llltflllf 
ffcitft f'fim—nwftiWiitii ddi 
ffii fwt 

ftf i5fTO TO«l « erifiti f# fw 
til TO fifi cift cfti iftitPr 
ftcft nttft CWTOl I 'll ‘Selections from 
Gandhi’ frfsi ftfiW #W TO TOtn 
lf5r:8 TO «lfflfl ertirfif If ll 

fClCf—‘wflll’ ajf Men ^‘9%'w I llttfi 
H^-fiin frfjs4i I 'll n ifMti 

llltfl IfTOI Wf fllnftlt^t-rifl-TOtl 
fici witff ftiti fcf filial win 
ff mffti ffticiii «iTO inf 
ftwt% Cl nini f witf m 
fSCf TOCli ft! TOl flWI ll^ 
filflttl TOVtoTO To f 
ffrn I 'Selections from Gandhi' fjif* 
Itfii iflf 11% TOillf fftfHTf 
sftiWi f»iti fmcn— 

*Thc following pages represent a 
labour of love,...The selectiona made 
b]r the author show the thorooihnesa 

u 

with which he his gone lofeo his 
subjects. Those who are infe||liM in 
my wttdais will not M to •p^i0fl^ 
the author's labours.* 

1916*17 TO arl if ft ft c w WfWTO 
Tiffi «n «ee w na • 



n% 4rN ciw tti 

wt«i fkm 

irt^i?hi *T<w I <iitfNt^ nfiwwti 
ir^t^'^vi. fw-it^ ^*nr 
cttw ♦ti nt^ti « >i<t- 
«ri^ fcitfw I 

4 'w >ftli«cfi 

n^tf « nfiFci >1^1 I 
ftlM ^fl ‘*tl€l5f«^’ sjt^^ tlf^tf^C'i 
urtfi inw^titit^- 

•t^c^ "ftfir I 

«tti nfiM 

CW*! 11920 >iw ^tt^t*iw 

c'ltn cr^ti ^19 ^c«iw 
#CM I «rw»ti w ftf*i 

9mtmM ftwsii c^’T 

iw utti 

Hi'^itii 

^1 AatbropoIogy-3 *^<><1 c*f*fc* >1l<tW 
9m ^firftf ft* 4^. »i*r-f»r. fiw i 

ntf fftm 

>«t 111, «i»f, fcnm 

(Human Geography) l lltutf* 
^WltWlWI 

fn nv9t» 1 Hit ittit»i>il 

f^i iti «tin <riii nfi «itwi- 

iHn #Ti ft fll I I'iti 

'niw 1 lufnrli It itw« 
mcifi itPftiPii w i^tn itfi 
am 1930-32-^ in Wf€H m 
1942 Kli *«tll Iff* (Quit India) 
it p f tin citiiti 111 fiti ititni 
wam t itiffRti ^nimi cw- 
iflWR ICTfHm Hf Pliftl ClHUH 


«*: 

Id ittfi i?Niltii 1 iftwwift 
iiri iflfi few I ijlttf wfH flit 
f ItH ICff Wtm 9CW 

tti aiti^ «it*it*r-ittitwl 1 
5«iifi I f^ew cittifi f ftwfSrii It- 
ftcf fift *fnJtftifi ftf tn If 

ficia I <tti etd, ftifitdi 
trtcf fitftitiM ifw ift-nfW^cf 
fw f# ficf tr^titcfitjff^fi Mtw 
fffa iTnffi wfi WWW fttlftfi 
«ifti f wtifff wtcfi 

ftftf Hititwt ttniftft irfillf 

fiifti f4iW ttf fli ^f. sPtf— 
w lytiui ciiicwftt 

«fH c*tciii cfwi ffmt ffft fwf 
wi wcff ftci ftwtgii-ifi n ftn 
ficfifi artcf tt^ftf, itf«!tff, wtf- 
4tf« iw« itif fli ftt ftwtwti 
ftWI emt fflt fif «ftf1< ^ft 

w* iHt ficiii c*rt 

iwtftiftf #«n-H>ii tin. 

91M flft flft flftf fttwi ttifi 

cfirt *f« fit cif> tii-f^- 

Cff fw I fWl twtft iicff 

4ti ftw fwi It fllfl flft Iflf 
itcf litfi fitwf ftft 
«ff tt ftew I 

HtffttffW 4tf IflWf Itt fill 
HffftlffWt Itf ftt cut fll till 

ffllftlllt^l 1972-11 (Him) cth« 

fttfti’ft twci tfl wtttl 

ftn ttf twHi—Ttmii. 

Mtf imwi 

ftHWl fflf-llftCtl Iff ftfUf 
i|l tllftlf (Oirecfior) ftewf 


ftl 4 t||pililf 





Wf fin ^ ^ wtwf «B5ti 
« ••firtfi fnH ftnftsnwi «rtw 
wwi «•! »tw ftft fiitfftii^ 

I ftwi%i 

»tc#fn«it^ ftft «tirn Jit’ll awi 

¥CWI 

*ti titfii ^fcww 
'^tnfl^ti ftftcm, fiftcftftii, jpiiftfi 
fttftwt^n iinfi« fw fift 
fttv 

4»ffi ft«i iftwtsjfi #ts^i 

>iMtTW mw flft Vf I 

VKfM ^Wt5*it « «>itcn Cliitf 

f«ft •turn, ilnttf«- 

cftwi^n war I Iftnfi •it^w sw- 
%nwtf« 'St« ^tC«lt5JII 
aift’ir tc«ii Rfcft w:s 

wm faitiw— 

^fftfn ww nntf ^mi ft*t^i *i4tJii 
Jitsai^cf nfti ¥Kr»r ’■r<K *fc^ f tn? 
*ift<fn ¥«« cft«r '• ft<R*r fw 

€lt?N irtpt wcw—"c^W 'iftw 
cfftii I” 

1950 >T«I ncf Rift‘Man in India* 
*i«¥ ftiTt« fi'ffmf •tftftf >r*ifff 
flwii irtw fttf w c*m 

<w wc¥ ftti <»mm» wtft 
>r^c^n, gifftw mn\ >t*rtCTtf*n 
fiifsi mn WftI anm i nftvti ijn 
vRrtn «iwtitnan aptwtftift ftwt 
vinni ^ ^jRrtu ^ *iftww n« 
f^aill 

♦t« ^z^w #ti| fttfi « 


Vftntn <fwii-^ Ttf TO fuf 
(Anthfopotofy) vicil CTOHwiI 

fttw fti tlr*pi an I 

wPfi^fnn in«t m 
anci ^ *r^f ^{aitm 's 
fw 1 ititf tf ncvl Rift A w Pwn 
anft^ ^5| aw^ TO 

vr*nfi ntJii %t^, sini Sint *i4«- 
«ftft ftRn >rwCT ftw i 

n #tai« f«ft til inTO amw^i 
«ti*i iitnl f^ft Iftvti cftitiv iRw 
nTO -ifarrft Intm i| c^w r 
’ilifft aim aitftj«T «n wfiiii i 
ftft aftiw wti cft5ti¥ iftn cT<rc» 

I iff cicf cftirtf TO 22 

ittn *f«f f«ft 

> fltflii TO affCI* *lft5« 

^icn ‘cTOUcff iftrs’ il^ft TO’i 
ftiif '• fwn^Ri'i TO \iJiTO c*ii^n 
Rift ^iftw^n fti fntti 
^Uw clci ftw^ I 

iRfifsi ariKm «ic* tti iitftr^ 
ftni (?•«« ftn nftfti 
iitn iJtRif aiiai catfiw' 

ftici «fcfi an f«i TO»it ifroi 
f^fi ncv ’ilii ¥ci fUcf^, TOf% 
Rfcitif-t. TOnf « ¥TOf TOfi 
ftiUft tif^ arm citft« ftftn cfi^fi 

tiJi^ TOt ’pN wii^f f^ft ti If •• w 

orftrw, tfIff if^if ifTOff, TOt 
ffw» cni, c¥tt ^n^TOwTOw- 
ftutim *rtwi*ni« ^ cnNrti am 
Rin TO* ai wean f 

•f^ aiTO 4tumlRTOnTO 





1934 ^ CTtUt «W ^1 
ftwww ff ^nrw-lwtii «fi cfn« 
\ flw^ ^tin 

•sjtWrti ^li^rw 'ditfttr? 

<ft4twi itft c^w itw, w fiPr 

i?lar 

nflw^i %ti*n >l^^^n^r fw 

nPw^tl •i4t^i feni 
frci Tfw «tfr«f cftr« c«r^c« 


TOffln «iitYt 

¥» cw^Htiit wci—*rti m ^ y l N 

*rmi « €*f 

«if cnf 

22 PrfN Irmii 

cwifiifi i< cf<ii fwii <1 w 
»jt*lttf f5*lWl C*ll I 
« >!f f%^ wm w<.fti r 4f w <nm I 
VI M« ncv I 4«rtffi 


[ : 22cl WlWtfl, 1901 : 15| 1972 ] 

•tWUlfjRf 


'TfCf. CW 5 | 

w« ^w'l%v5fif 

w9 

f<ti wWUmm wt4ri »iffi nfw 
ttfpi •ftfintf^w vci 

f^ift ’nHti ^iMtn to 9to n I «itfpif 
itirwi CTTf«t1sr 
cw^ 4i«l I 

tto <ii 
Cl fef» fwfiwf—“itc^ ^fcr 
toll! flipif '•rr «it^ fjfwR fi 
cvi, t«f4i cfftw ill evil Mfi 

nffn cvi m n to wi| 
new 'HWf fftWlttf 


C«tWf •ifl'fW, VBK «itnl 
Jitinn vtnitHli cw 

vifcftrf 9f]»itt^ f^i fw, wf3i a»^ 
r«tfcii ^1 fff 'iric«i *tvf ^ 
<rfi *ti fiwi 

fiPi «ti^n ’■fn «l^witcw *to 

11^Iff nff^*»?rR ^^4 « <11 

I nfffcfi ftcr% ■Mppiififwi nift 
n% Kto fulfil nitwrm 

to I 

mn iiftwi wf ^iwfifti 
nfifiri wi fiifhrntt iPw-ir*rw, 
VtTfItaft W1, ltatf-to«* 
f^ww ^«nff itn Um ^ 
ito ftci ifitort f^imi 
»v>r» fwtow I w fi, 
♦tf ItHlift 4^114 *fMhlffto4|CT 





♦n 'nM >it«r 

ff*itcf ^^iir*!CTi ftJi-iti^iwi *01 
ci¥i# ifii'wiwni «cfni ftwi 
mmt^9Vfw mw9 ♦rm^t ^ 

ntw '•ci i 

ftW 5#ti ^tn 

iwfaif ^^ftar nftl f<Fft?l 
^f^ftf c«^i #rt »»f ¥itf 

oi fi?ci «wfiE c»r >ifc^ 

't Itl-ltlltll C^l'Ttl 'If! 
cw I cwi^ft, ifU %t«-it5i1c'ri 

▼tew iwlfnw wniti w*it<ft« wfwitj 
wlff ntsii wnw <1^ 

sitU Wftn I trfiw ttai 11 cit«i^f^w 
liwin wiw lien wn?l«twti iii?cnf 
•II ftl«i nttcfi ftftci weitwi^f il 
11 wii (^)m fft« f«fi wtiw cneii i 
wffnew wiwtn^i iifipeii 
nwi ▼titiwf^iti mew, wt fiew 
wniti itKii ntftiJ wiew fwfi n’^ft 
▼fnci ciewi I fifst fill nicw wf# 
ai«w wtiti n« ¥« «ii fiw Clew wiw 
nf«w n^w Cl cfti cwtwti ine^F ii|.w wci 
itniti W1W1 « cieift i 

fwvtt new wtiewi nficicn wti 
flwicm mil fwfi wtiw ▼eifiteni’lti 
•tn wiwieii fiTil fiwn cnewi 
«ti uti W0CH cww nwttnfwf ftwtnew 
•ftijtwew nlifii fin mi ntntwtei 
ntm wiwti wtiewi ni ifi ntienncw 
fW 'Wwiw wf^witnn wti fifi fiwm 
fe«c«n ( 

flWftwtnei itni-^n Rwt miff 
n ^ 1917 wten 17 m ncn f*fn 
ilffti ^wen wncmti wtw 


▼iw ^cf drteni wmm nflitew 
wm nwew wmiwwtei iirtw 
▼Tin I 1921 men fwfw-wmtnw wfi 
^fiwcfi nci^ncnt wtw wcini wntenw 
fwfi 450l nfiiteii 1050 ntntHfw 
nflein w Ifintem wm m4iw wn 
iftii I wtri^f €t^n nntewi ^(Nf6 
ntiTfnn mmw fi wtei new ne? tiifnn 
ijimcw mtfw nmn, wti fiiiin <*mw . 
wr»wwt cnew m«f wciit l922>ii 
c«fnewi?1 wenewi firyi ciit^ ntn 
f^ 4 fi nnwtitn ntcwincn citn ciiti 
mfiei niwfit wenw wjtn weini nci 
ntwwti i^cmntiTteii wweitii wfnwtm 
fiitiitncn n^eni ntweftwi f^wtin 
citn cw^ I 1930-36 nten citnnien wtet 
aiil6 irm mnkii men i^en ntnwci 
ifi« miwitn^ii niwi mil mti« 
uwTi wti ill well I ifiar 
flwfi « wini fnnfcn ntimi cicw 
f«Ti wfi^i fnnn ititi fnw^i iti 
itmtf nfieicm nm, 
cniHi nmn-nlicm ntm mm wwimmei 
innfi well I wfi (fiii 
WIT n fill nftnwtei fnfnii lei 
ifinwren mill wrt win fiwi 
wti itn-itifen nWcvi new mm im, 
nn, nfiini «fi ftewi cntiti mwiwn 
1938 Clef 1959 nmi <wfn iftnUi 
finfiitneii w fwtm 

nmtnm neini 1959 cnei I96i nil 
fitfullumi 
1967 ntin wrm n tniilii i in%it 
mmifti n^ntt mi mtim 

ciiniwfi muti ml%n nmten 



•ffinufl ir » t < » fii i ^ '« Man in India 
•ifWt yH »T^t i ^ri»irw •rfHtim 
»ws!i V ftf cnw '• Tptw. «i 
^Wifi 

«nni« «f f 5«n i W42*45 

irfw w 

irwff*Pi <JW 

>nrtrwi if? j»* c^tta i 

« 4tvn »R f#i 
CH19 wtf<i ^t«lf «ifiCT f^lfi fifSr^Prm 
f«w ?ni w w ^wiarf 

f<f*w «W1 <i| IsTtffl •tfiretl^l 

•at W «Rt«fn cift »m’« 

faf4f aftiit *rfr<r»T^ ffsr •ftati 

c^fnr I #ri faf-ft atwvfta 
•it I 

c^mvi a%i «rti ffatiif fi^ 'tti 
fan? arff^caa aarJ ^tf c^tafi’f afft 
anaaitf arfilt ^'I6afl8 

ttnwi ^airtfav anj^aw aita fnitawi 
i^amn '11*35 >ninan ^ctcf i 
w: ^ «tit«i af^a-nfw fawn ttw 
amaF facwi <iW]1%f%f «f 

awwtwt itwi I 

ft<^w1fB »nw tm faIN wa cwtfwtf 
vwtif c *t cfc<w , 4nn wfmati wtf*iw 
mw <«W^ CIW 1 Cftt wti wi ajaR, •rtwwf 
f%wi arm fart%¥ ^af%, c^ 
citt ^iitw nt^ti ^1 cfwi c¥tw wiiwtv 
^ <avwti iww cfiw cffMti 
nrtf^ Hfmt wfwi cm^f wtflwf^^, ft^Y, 
ftit ^ifi'n wfcf f wrtw «r^wi ciwtwti 


^5 

ftart cwcf cw« I wtiwti '•tiwi wW 
irti*ftf ^ « wrff«i altar cftntwW 
wrn ttw aifwi <Wlt fa I wfcWi wfllW 
♦ft ■friftfiar « ifafa^ arwitr^ ^'fwm 
artifai 72 Win '•tltff %ffwtw 
ffT wtw wi I 

tfi *ftf^¥r « afwtw aiicwf ntwi 
wtctf at fawfw wfarwf^firof f>f #ti 
fiJwtfe war?f afftfafi iff a[jf>* 

anifi ar^ta nfifai nwt wcw finfit 
f n wtara i 

^wtwfwflw ^Wilaiattf fifa fWw« wtaft 
fw fai fawarfi wfat WTfCWi ipw fan 

fatwtwt fafSff citw 

fa I wfai wttm nvf atai c'rti ftf^ 
cwtwtcwtrti aifwii cwc^a ^rma, 
•vw ▼£! wtaafwn aitwi *^1?ti w tif— 
'Tfanta fav vcw wtfiarrf aiHf^f»ttw 

nitat« wfiw i“ 

aftcaw ca'l'wt^f wnaiM aifSrii wtft4t* 
^9Cb wtaaraw ^rnw cfwi ^tn am 
fafatw ai wti, «tt faifa ^tncaiTW iflatll 
wt*icwnwi atif fatal *« fa a fatan ftcai 
aiati ^Ira cita c*rt«a i aitai wifai aitrw 
ti|f*n fti afiJT wfaaaatwf flff fff 
cafaci wtia aa f fici ai wti, ca arw att lai 
ataatatll aati atwraftfif wta aatfww 
iti-it^ftai ^tPF* acitiai wriaflif- 
aiartapi at? cacw' f%ft 

atfi »tfc» fn 

afa '•cattwl wtPi <aac« atttnfaw 
fafin ai^wf fir all, fir aw i 
w at^ti ft? fi afa cara aw 
^iwraita firfacwi atawFtaficaw atafi 
atcwt afi fw atw* •at I fiifa 


'iWifla fii^ifiraii aif 
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nfwwff wrff tni 

fwt TO 

♦rfiTO lEtfncf nf^r^ fw 

«itT fn fSr^i ciftffcii 

cn^ffcfl <4Vf <rcB^rf ^<1 «i 
ffl •! *ff«C¥ 

TO» If Cf^ti ¥tcw «rcftff« WIM 

«tl€hl fllff f[fF Cftftflf 

vic« c*kl Wff I cffili 

Mznj «itW't ^ f«f« ’ff- 

c«r«fi iftPfwaitTOi TOlfi^cnw 
cftntc^tf cirf ¥tw FCf 

^tCf I 

«rTO fM «(<frtf¥ 


TOm ilTOTOlfhflTOWtWl¥lW 
ftfro thffj itii vfTOfifcv 
TOirw fftf¥ ^ntcwi TO! ftnf TO« 

ncfi9m TO funi f trw» to wWi f®Kt 
TO cfcf TOf TO tiro 
TO^f%f«¥ ffirfwti TOtwi 
▼tiw ff iTfv ¥ir» fttw—cfiftrw 

♦tf «r^tsi »r¥T fi»i I 

ffl f nif ¥TO TOtf¥ 

« WSIftff TO^fTOT ^^f¥«rt5ll 
ul'ifF Cftf nfv fw TO 
fffcf! mwt^ flfsrtfr ftw 

ff wwi TOJ vwcwi ff| fn 

TOc<i wtf ntfJiti itTO f 


cwftCTfin »rfvt«* 


TOTIF WW Cf 

wtf^T fffsti c«rt«w, 

TO TO TOtTOfi 

TOtcn cnf 5^ TO* 

^-fwf4*(tti tcTO f^tfjcf 

fiTOWtw TOflWI ^ 

TOTOl TOfwi 

TOtff ^fN^, 

'# TOfi^rro nflr«ilTOi 
f »f t<ft i tTO f-ftrow TO 

Wlhif* TO TOW I TO iilTOw 
fll^ ilfii%ii ff ¥cirp 

^ TO cwil TO «iTOf «f1 w 


TOf ifw TOtt 

ft«rt»u TOf^rntf ftwU 

cwfc¥ 'e cftfi ntffC¥ TO fTO wtfwtf- 
ftwi TO fN^i?li mttw f»f5i nn 
cir? P^tf cfcftitfcfl TO- 

c«ff ftfWI TOTOfTOTOI 
TO^ fi^TO wTO «n*rtfi« ffwTO 
^\TON TOtfirf « UTOTO TOt" 
fTOtw fTO |?ftf TO* *RW 
ftil TO’^J « MTO *w- 

TOcf * fijih!* TOto TO *Piei TOTOi 
cttoi TOf** *>i*TO I c>flF CTffTO 

• f^TOIf f*TO» fTOfi TOW* 
TOTOll 



(«l4i«l^ nt Wf 


4rt%Wf cf<i c'fci ^llf 
¥tw¥rt. <0iK Kprf 

w <iCT[^ W *!Mf 

unw^ftwt^ •rftcf inflr*i^i 

g.ffwtrj?! Hitff¥ <rf¥ ¥ t»^¥, >rtii 
f^i ’¥tc«inRt-¥¥tf Us 
¥m¥i nw ¥ ftnwi 

r<5tti f^Pr >!^fl ^fi Jisi 

firwii cs^f *t¥4^Rir« ¥SJt*f¥ t?i 
css^ »itOTn ¥tfc«f ¥¥«rtfi¥sci- 

ffws, c¥sfs ^ni fstf ^'firwtisn mssctf 
<rf¥ mtiils fsitstiti ^tfiitf 
®nrlti gfswtr=fi itistftsi 

wnr itrw «rcsf5srti 

sciflwsfi *tf *ji 
r^fk ns^sar 111 *Man In India 

•ffiiVtl »ntffSl ¥11 C’ftiw ¥1^ S*tf5r¥ 
'YK.CiCVi st^¥SW Man In India 
¥St<inH ¥ftSStW €r¥J¥ ^ft¥1 4t1 
«C1 ¥C¥C1^ f 

^frtn¥ tn ^-f^rc^s «ftfs<rts 
^¥ C¥C¥| ¥tl¥tl ’TSt¥-¥l¥f»l 
<Tf¥ sist^ %•!*» I stss-n^fTw ^-fHits- 
>l¥« ¥S^ wf»l fafti innij 

¥ff^fi¥ (¥Cimi r¥f*I Prwa ntiwf^i 
¥W«^ I ^ <l*« ¥ fsSJM !|Jf¥ 
Cultural Anthropology>C¥ (1929), 
¥^¥f¥, 3nfRMM¥1 (Cultural trait), 
C¥W (Culture centre), c¥l 
(Cultttte area), (Diffusion), ¥f« 
¥11 (Attenuation) eiff^ ¥tl^ sflM 
^wti w ofMw irntf-umtcii 
¥ Iftiii siiCTfci ffti mm nt CT t Mi 
fifi w tcai¥ fciltii 


¥frS)i ¥ mitf-initwi 
*«tli:¥l 1¥¥ t^¥l’itt¥ 

¥ emi 1927 IS ¥r:¥ «f ftPr¥ If I 

¥|¥lt¥f^ %^¥Clf % ¥¥t¥ ^ l ¥¥tin 
f^n tcm ¥ci fr ¥tci *!^¥ti^ 
wliJvm nfti¥ n. ¥ti fimin¥i irttii 
ffcnil» 1¥¥ ^11 ¥f ¥*rc¥ f ft ^K- 
¥tn| int¥ll C¥t1 It 
¥ikfni ¥st ¥ti eri^if¥ 

ftiti-ftciMtml ¥iTtn¥ i¥ ml fiiwi 
11 . f¥¥fci ¥11 ¥S ^1 m“ff ¥tntlf 

¥¥tl fmtl 

¥C1«, ¥tl «f¥J¥ ¥fwtwtl flfl lltnt 
¥Cll ficil I lTflWf¥ f¥ft ¥ftmf 
ijt¥ ¥¥j¥¥tci fSP fell ¥St irt¥ 
¥t¥tft¥¥fci| ¥f¥Stl Iftiftn ¥ ¥tl 
Pf¥twtl ¥1C¥l ¥¥ mm ¥lt 
^rwtb-ltl •¥¥ ItlflCWI ¥11 wH^ 
%n¥t^ ¥t*t¥CfI 1l?lC¥ f¥fl ¥tl¥ ¥¥tl 
^fistftl ¥C1 1-ft¥reftf¥¥ ¥¥T1teRf 
ai) «ific«w I iftii ¥f^i ¥11* 

¥«fl8 ftsil ¥«,¥tw W*ft 
itititftf¥fci ¥¥tftr'« fi I citlifnt|:«i 
l^ntwtfii nnTf¥¥ Ifiitiii itfjw f¥ft 
^ wtfii ¥>c*r ftfwr 1^1 ¥titf¥¥ ¥ 
lt¥tlftl¥ 1t¥-¥f¥ltmf ftll 

¥tfii f¥¥frf cfftiwts smu tn- 

¥tf¥l ^Wait¥1T tfC^l ¥¥tl ftwtlim 
¥tl, ¥1 ¥tf aftCltfltf ftCif ¥¥f¥r» 
¥nff¥ I 

¥lvffft ¥tftf¥tfl ¥«!¥¥ 

i¥« wti ftwrci ¥1¥4H| ¥tiit» 
nitcw ftfei fftftw ¥ffir ¥1^ c¥ftmcvi 
ftltl If eitltl¥t¥ C¥C¥^ Cl% ¥ ftpf% 
¥fwri ¥twtfltl nvi ¥11 fwfefl I 
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W ^-fl«f4lCTl ftitl 

aw\ *lti «ni^1 oil ^tl 

lCTt» fttWCTS f4C»lfif« f IW I 

mUvsufn 

>lltW *Ot!r« 

«tf^i ’uti’ifssiti mfmnnii^ 

<«f{B f<f65i»f ^<4*1 fiv n^nU 
^*flif^ ^Cisf I ?CM 

Cflf fti ««ff6 lftr«n^T« 

ncf Wfii»i, 'Si fsft 'W\ Ifs- 
ft>Ttfii^ »cf<Ks €rw4^ fcittJf I 

IW’i aiwt*l4 sifs 

cifitf c^ts*n ¥«W’« ^tf fifsi f-t«- 
fw 'iif<i[¥fw si'srfii fcift*! 
w ^«iit*f¥ ^ sfifsi 

lw-4^s csftcwi's 

*it?csi fulfil 

trill wirr '^tifncn «rw 

srsif^'i tciftt 
ft«i <i<tn srtcif ▼« 
ft»S[ ct‘531 

tcf ttnfwi ^*r« ffcf 
V9JW t^rwn ff’sict Iwtt 

twfti, "Si fsf^ 
ftWi^tCT wj l*wf ^iw 

tf in ntn l^cifni wtt* 

sUlf Wile'S! tJItWl filWCIW 

•iitwiii if^ ti Wtll flWJW 

wnnxn i<uitrt <if« titcti 

nit*nj finiwtii 5r3!«rt« tn ft*^- 
HttWl €*1(11 wtiiti wc» »it(Nw- 

wtw ftiw wti film 

cf itm Kiw, wwif 1? mtn tftwtrt 
wti ftwiftwi tew I nnit tfcf luiwt 


ftwti4»rtwi m wiitcti 

ewe* *r?fri wttcww fsft wtt«i ewt ^ i 
^itwt uittf w* nitwl 

^ti lew cwt« nfiti wwiti wtw i 
iw cHtii wit uven nawi 

%tm iry« wl crin new f^nn wf 
tfiiwii wm IK wiw itew 
ft I fwft 1 eireti-«*fcwlwi fttifw wtift- 
wwtf wftf intt wtfsiwcff wwtifiw 
Wfwti w fti ttrscii fti ntw 
iiwifiii w ^tntii ijifti 'iftw 

<r*ri wfiiti wiwj cwftii wftm cii ii 
wtft. itti f^ci cwftii ^tfiitfii, wttti 
11^ 111 itft I wrtti iwi Cl ciTiti 

1T11 wftt* wl fticf ft wtfii m wtirt 
^cwwr wiitni IK 'it! itii ^ticn 
iciiiii wl cititi iiifl ^iti wei 

wcmi I wti^i iitw-iTiitf w 

wiifiiri wit cntirri timrit ^wftf 

WlfwO?! ¥« fwft 'IfCltCff ftltltl 

ftiftwMcfi ftitci’rtwlii Kf 
¥ti wirfii IK wiiw wtcfi -f-ftwti 
iilwti wfii'^!. wtfw w 
lien KffiFK 4iK?^ nci nftHw 

ftwi n« nicil fwft i-fi«tcii 

Wfllft wit KIWI KlfKiriKtl W 
ftlici WCf Ktw Wfltltl fit fSKI 
flfCKii wtrift i*fiiiti ti iiftf^t 
ftltll fwft 'WtlCH flf ^ll" »lt»tl 
icilltl iftcui^ K*WpNClf 

^iftcmi iwj'Icfn iKtK focKi I ftftw 
iftn nwtftl wit 'ajifinJti Him 
fwft wtvfti witf w Kwiftcn 

wiwjftf f<H%f^ fif« ifw-nfwtctit 



Ti 


ciiftnnri viw wwi <w wv t 
^ftm ^awtn «^*rnirt^ 
www jRi tn m^fticff ift<- 

csn Win €iwi«itc« w f cifiwsi I %*f- 
wt'ltwri ’Ttw nt^tu wt^, 
stfitw 

^<n ft*f «i^ f-nrtftCTi f^i 

f^ft C¥taifr*l> w« an I t?tifi- 
•ftf ftwt5*w f<iif« iftfd f«f^ 
'^tl HCl— "The best 
course would be to try and build up 
a caste*free new India, where no 
occupation is high and none low, and 
this with the help of those who are 
within the caste organisation as well 
as those who stand outsiJe it**. 4itf 

fr»i I ^efH¥ 

« eiftf •ifft«if^rf 

sitStwill JWtWVnrti W9 
«ir« sfirtsr f«c*isi I ntitfif» 

<*rfi ftin»t5i ««{>!ilw f»Pr 
^t!f» flw^i f^fSr Uwt srIw- 
ftwt^hi iififftst 

!*» 

er^'^^tcv 3TW fciftw*! i 
^ ifi* mt«ri «Rwi ftfif 
^wm cfVfC'i w fn^r i 

anr» R«utn¥ fflti «Ritcwif 

ftwti sRf^ wt€t 
fwi ^11^, f-ffiti 

♦ti <^wc>ni ftfttf ftwiitw 
fCifIm 1949 ^•eicsr isff^l f<«R 


¥t{4tC^ ««iiif *iMt« 

wfnih #w^fi 

fi<cfi nfiin^nm <m mtn w, »1 ttf 
^-Raitw, tfwvf « ■tpw 

wnt\ w I wtitfi fW* 

van ii^ff frovcifi 

•rmi^ aRsi iwt ¥CM i Rfi ffcf arrhrf^ 
ftf^f aniicff fafHfwHafwiitwfii 
aiftw •aft Rliwf ww 

fasfftrt fatna nt«afa»i «ia<a tow i 
a^tii >r'9r« w liiaflc*r 

Raitnf a^f ’siaara Rf^f%fi atafav 
a{csrtc*ja Raria « sfRatfa faf^ *r^ni 
*ta aivitf wta (acaa^tia si^rtii 
TOati ^afsciia acar cak^csTtfiif 

«r®fa fiaifa, c^i ftacf Rti^itsati 
f»fSr eijj>la ^r^fi ®iai TOW I 
Cf Wctsr— ‘"Inspite of the fact that the 
languages of India are many, and there 
are well-marked differences between 
one regional culture and another* yet 
there is an over-ali unity of desimi 
which makes them all members of 
one family.” ^fiiftita faf%f aravfai^tl 

fawaca Raitnf asi ^rffwl^t flwi 
natip-iflacaa ar^lartf 
^-rawtsf « atafaf fcntwf atai 
w «rcft*r vciw i 1969 it-Rct 
eiftf-a® “Calcutta-196r 
ryffik aw %%f <t TOf Wf 
fa«faf%fif tftfw jRiatca 
wftTOta irat*^araf <$w ama dw 
nfr^ TOW I 

mnrtnw f?e ai¥ fa f¥ caaa atii ifWl- 
art% faf^ fatfwfai ataowi to i- 
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fhltPW Slt^ Wf WJW ^twtwi TOKH, 
wni wft ^-ffur^tn «titcf 
»itiitii «itf«i VM1 ^rstcii tiffftw- 
Wtlf ffll f tI «T^*n, Cf-», '^fsHttW 
«t^ '• f4«tst *iflrfti 
Nifw ’ll *rt>ifi[fvrc’i iitfilf »f^tf « 
f^fti fm nvf m 

'^twt»«nfnn’ii wiinf <9 «t<fiti 

f f^>rlw 5ff I «iff 

♦hi irc<i wtn ff»ii ’ifli »itf<i«i 
mw ftf*! r<twtc< iw 
ff| ff*i *ifficf« >i®rnr*« 
ftifiwii ifi>^ ♦(! ftfii 

nw ntftu ?fir 

111 <«fW3i nfb? jf^tir- 

f^ifw Pif«> <titi fni’iM 

ffi wn cmU aiw ^tit^ 

Wl^ ftwsri ^«Ptf *ir«c?« 

nw9mn ri(5i n\%u ’it^»i) 


wwf f^fW tctWr^r #w 

^f«tfI «f>itf tW <ni^ 

’•tci fpp fiw I ’^titfi T^Tn cf^ 
Pirf% 111 n^fti 

4l ftw^ wiicfil 

*llf ’Iffifll WICT« 11 MJW 'ifH 
11F1 ^pci *«rirfeR I cni *ftWf 
f^ctci ir» 15| 

^clf« ft« 

C^C¥ fwftftf ftw I 

’iwrt*r¥ ^?(i «r<wtf 4 il% fhiw 
>rtii 

^iinfifs^ fin I ftcii vrnnf? ifitI 

ftfii fijiiiiti nwf« fif^ ’sti’Jtf 55 - 
f^«hrcf ficn <41 iniM #ci cicn 1 
^i-4mhr nfti4»lww* tifi 
iitci fifn wi 

Cl flfiit fw cifwi, m 

ij-fmtiifretfl Ifiitcn «ifl liiw- 
cihij «i4m nfitfti fw I 



arl^ '8 


wmm iTNftitf <rf» «ffwnl 

«£itf ^«tpn <rat^ I «rff«c« 

m (#1 fi^r, ^ iti’•ti tn|w 
frwi I w '•ft 4tfr«f w. 
ntcfif^ ftcf 
cftlffi fl'ff fnfi fwl 

fi I •rfiffn 7*1 cft^fti w nf K- 
•itw ff* Rwt5?tiTi 

ft<l ‘•ft ff f^ffW TSlff 

fn fff mrcn cftwtft*!# <•1 

i«w ffi futf?, ft 

cfw fff ti wntf fxftf I 

^iMflfsf cfcfl^fcf 
•Tff f*»ttf« ft <f, ftl fMfff Cltn 
•ttfi f*^«ftfi ftitftfi fw niWtf 
ilfrfff f«rfi witfi -nf* 
ftn ftw f*i cft^ffti fcf 

•wtffti tntm ftcfi Ti f^i-tnftitf 
ftfICT ftCf ftftftif fttci Cfll '•^ 
ffiw wt iftit I 

it^ fWTf fif nw tpft oitff. ^ff^f 
ff fro fifvm t*in fit—oi^Pf 
f tf1 fN I '•1 ^ w 

•fftcft •fi-ttf» ft! cfwfPrf fjtfii Ttr® 
CifCT n*fft! fft fW Cfill flftf I w 
nffi<t fWT fitjffii w ffll 

!|Kii fwr fCT ncf, wt ftfi nmcn 
t*ii frtf#< If mtn fin •itnf ft 
fim ift fi wti(^ •itfti tpii fl 
fif (I cftf fWn cfw fci fft 


cnfircfi f ftf fift firii ciftff ttf m 
II ^ wMfff I ^wtwm 

Wflf f*fi"fitf «wti 
cftcf fCl I cf ff 

litifi fftcfff r»fw vttfi 

tni iff (Resultant) ntfH If ICt f 

ff f «if If tc<i tifiicfi ftcff fint- 

l«W fnflfftci flf Iftlfl ftll 
ffii ftni tnci Cfti flit fn^fi 
ntfiti f«i|^ wfi fwi Witt iicfw 
f«f 1 r»cf frtfl ww I fitft tifHw 
ftifti fcf ^XM Cl iffiii ifffiRi Iff 
ft, ft tififcf 1 fatftiqft iitjifirn firfi- 
ifiPfci wwi wtcf I tnflfCTi cwf 
If cit wcf, ff cit fWf fri ^ wFcii 
fit fti ‘•«fwicittf^-r%ii^ft« 
cin itni fff iffiiti fifiw iifwtlt 
ftirtiwti Iff Wwfv iftiin fwi 
ftcfI tififm Cf9?ii lit iffif iti, 

ftffifvi nf«in« ff fti ifci i|^ 

wif tififwi ifftf fffi wruft 
iffti itcf I w iffc^ ft w^wl 

lan 11 ll-ttll ^fflf If fCfCffitCf 
itfi f 1« fif *fftc^ fHinreift 
ftfIf frit fci I m fif 
fif If Tfci tiw ttn itcf I 

iffi Iff icff fiftevf «ff 

flf^ icfifttinyi, fffiftai^i! 

• llittit f| Cliff ffftw ffftf 

tcffWw, fiwfi fiff, ftiftfhR 
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ff»w 5TWI fi»f ww 

11 %! m? I 

« ffn CfM flf >!*ll Mci« 

TO <»« wtr*ti *?l ff I <Kf ir«i 
itWl TO C1»! flfftl ¥*1 fl I 

»W > <f?«ic«l 

¥tn ^n^nJ 151 ti ¥1 ¥i 1 

iftW ¥it fI «1 ¥ii 5 ti fn¥ 

¥t^C»l TO«f 

TO ftvc«c¥ ir«i itcti fff iw- 
¥f%*riw ¥dfjfifVi *tll¥i c¥C¥ cTtt cnci 
n, «t3wti c^ ftw ¥W n«rtt<f 

¥t411 8 ff¥. ¥tl f«Wt 1 TOf C^^ffCf 
¥t^w c¥»i >rfrf¥¥ MI 

TOlf CftWW»l« ¥C1^ Cf, ¥« 

irfifhF c¥tir Ft:*fi <r¥t^ 

TOW I Ufn w a»fie 

Cf¥tC*!l *TtftWr w 

•?! f 1 . ¥tl TO^tf < 11 ^ ¥fw^ 
CfTOI¥ Cf, ¥t aiTOMinwi 

^rttftfl 4f\ Oltff 
¥11 TOC¥ f«f¥ m^\Wf 
¥W 1 ft^n C¥WI 

TOCil W «1 «fC 1 tH IWf ^Cff 

inw oitt 4^TO ¥ffrt ¥«» 
frotv fcw I 4f|S ntriw 



^ «TOtH If fiftit 
fil TO1I «fTO^5nitPKt^*ftlft¥ 
TO*wtc<Ufff ^jfro cffi rtf w, 
ffww w—wli TOii <iWrti 
TO nfhfftifi fsiiftfftrt wjWi firt 

ntfi f ifM ff via stfiini flrt <4 

TOfCfl TOfftt^fftrt rtrt fti I 

TOfl CfftTOf»l¥ fI rtif 
<tf11 •IfC# f^:TO«{ frtf I ^ffWTO 
¥!¥¥cif fnt 1 TO! rt f¥f<— 
«i ^1 ftff a cft¥ w ffti^i 
ctoI TOtfJ I ««| ¥i|f n^lTOl w 
CfUTOtf^Cf ffiv'l cfttTO if¥ 

nurfr TOfw 1 

ftwi ¥fj ftn rt ^ff^f 

^MTw ^%cwi trcitf^ %ntft*rift 
rtc¥ fTw c^ti, ¥i 
fTO fl 11 rf« <fftrt TO 

rttiti I 

aTTOtfi fcfi «r5¥ stem nfifH <f 

rt% rt, cffcTOiffrs* nltTO ftrt 

wci «•» TOr fffi •TO 
•TTO f*fC# C¥8 few f<»I flJ •! 
ftftfff fill, ftffwi, fftlfftf • 
fsff^TOeai^ ’ll «it<lti irtji frt 
TO fnici •! TO Iff TO •! 

to ittfl TO1 TOM fff TOCfl 



c^is\ 


c¥fw '•fH oFtrw vn wfi^ wftf 
im c«fr¥ iicfi «rim 

«ft*ni: f^c*n 

iF^^tf Pr#I ¥W I JfW fiw« ntt'f 
(ftcif iwr *p»nfi?tw ^ «rm 
fill ntw ^11 tf cftai cftJi ntt^f 
cftcn iwT »rftwl «rc^ ¥ic^ 

C^Cf C^flCl ^^1 «tCfi 
*rr» cfi i •w nftc<?j ¥tni 
CftliS ^iC99 (Semt-permeable), 

C«» s»l I C^tCW '•I C«W11 (Permea¬ 
bility) ftw «f•avSvii 
caitt^rfffmi ac*n aitffi il5 
(Membrane system) W 

(Vacuole) fetf f«Hl 
^i*h¥ m fi Tonoplase «af^ c¥ta- 
ertJlai fwrf nt«^i art m 

Piasmalemmal sfrttiiv: A ^rti^il 
irtwal airti^ ittw ^f»rt«» 
Wtai%l eta (errt 7’5infi), 

«lt cwafi lta»|a am atarca 

•«¥ vai art I atiai wrti%f 
<ifPi carnttiitwiai «art aita caw •faa i 
afa« ^cfi cftCTi—eiaa f#, «afI 
rtfwr aia-iwjif« caFtcai wtai^i 
caa, ^tirtf tartrt « artta^li ataj 
acal at<fT aai atit art i aaifa arwa 
cfiiai aitai%i atar % fn atffa 
cftiai call! a rtrtw wtiai 
*lftta (Siff&ee teotioo) ^HaH fCI 


aa^ tc*<ala n^ltaa am aartart fMwr 
aitai-rti\¥i aor caai caca ca, ataiiH 
iff (Lipid) a c<rtlMarti)i tarttfa atNi 
cartfta m atatiais ?Wrff« a wflla aairt 
aa^ "Sra a fa^lfw aw aaa aaiti 
’arts*lt airti a entfia aca attai 
catcaa afi a saca afaai iitai% cataia 
atfrt at act ati ataai atfit aata 
afai aaj wrti cacaa ai acarsa, aratai, 
ffi a at^ff^a aaif tiaft aaaa aaa 
aafai 

onr^ti %um 

aft ffi a>fa cartw m 
ataa aiw cwai art ca, cata-atltcn 
aria art cattilrtrtrcaa cati ^rtaa art 
ca^i ai frtiacai, wta-afati c«rtill- 
tfrataa fa^rt acaa cat caii aitai 
act caai caca ca, Nitella catcaa art^a 
cartc^atacaa caca arfi 3*5 t*i ^faa cw i 
* aaeifa Tonoplast a PUimaleniiiia 
’artita acara caaita a?t^ an 
cam ^fiirt atca «iacat» aitait 
cacaW ifrtita arrt 30 art cat cat i 
cwii arttiaw nartta ajffaitna 
rtta arai aita naett tft*.'«ia aal< 
catcaa if ft rtc*wffa ara aratii atl 
at aarff nfti<a cartraa acar a atlw 
iatirtiiafaa mnwtw* na i wia rtca 
a frt faW, arttvPil 
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mw ftfnnf nwT< ^ftf *fftc<ii 
?[»piti cwim 4?:f-r ntcfi 

oxalic 

acid, malic acid, citric acid lutff 
iTC«fT aRt«r« fj I ¥ti*i ^ 
’^rtPrwtffi! vci 

Htwwi >?caj *ttci 5n f ^t^itw 

>Tfrwl ar^%^ cf^JT—acetic 
acid, lactic acid, pyruvic acid laitff 
¥C1 >Tt^r^t9tWnf iltfT 
«»w ¥irr* *rtfi, 'it^ ’SFft^€c»i airwA 
9[wj vii ai I ftfitis ^^5?^ 
art«mi n\ im fw 
wt« »««r*nr «rc«ri I c^^^ 

c*fcn ftfft® 

arMj^t« f f% ntf i 

•riWti w cT^i cnif, njt4\i *fft< 

cftw <rcfi WMV9 ntcii cwf^ 

cit^ «rcft-t 

•a^ 'e^ra 

50-60 v«^a n^d («^3r—w«, Cft^?»l l^iitf^) 
wwl I ^ >Wf (Elcctro- 

lite) n n?i<J «•! ®:«<tc^nT 

^r«#«r i TO¥c«pti ¥rf¥ »«twf ^¥11 
wfi¥¥ cft^. ¥?« «a«Pr ¥f« 

C¥tw <iC¥1 ¥11 11 %rw¥ 111 
¥r¥ltci^ «C1^ ¥ir* ¥¥1 ¥1 n I ¥1 ¥11*1 
fm «! Cl, lr»i¥c>t»stl> iitwl ¥tifi¥ 
11 ¥1^ ¥»Klt¥ni (Hydration) ¥t¥ 
IcwSfltll^l ¥|tl¥l 
IW¥l|l¥tlc^l Cl« ’IWl ¥1 Cl% 
ir% Itll ¥tlt¥1 ^W1 ^Uf¥¥ 

iftltl¥ (Electrical charge) cfcin ItK 
rcni 1i;<¥ H* '• Clltfil (Weak acide 


(26«ll<,2|im 

and base) a|f*r¥tfl ffUfiC® C¥in 

«C11 ¥1C¥ W, ¥tl1 ¥tfl¥l«ltl¥: 

Wfl ltt¥ ¥1^ UltlfSl^ 
¥tl ailftlftfll ¥ (Dehydrated) 

f«ltf ^rtlHSIl Cll Clt% HI flfll 
^1lfl¥ kC¥¥ltf¥tkk Clt¥ 
Iwic^nr^k ¥tl¥ Cl^ 1 
Itftm: C¥tWl icir non-electro- 
Iyte-¥1 ercii ¥¥ C¥fl 
Itll fllftl 11 11 I kci¥C|t¥ftckl 
C¥t« ¥^ flH «rcit¥f 11 I ¥¥Clt^ 
(Monovalent) cation-ai affW flCltA 
(Divalent) cation-vilf Unfits eilClUl 
n?1<®l if^ sfl ¥C1 I ¥[tltl 

C¥tl C¥tl •ritc<f ill*l ¥¥¥¥tci C¥tCll ¥ttl 
f<l!^ (Toxic) 1C1« ll6 mil Jill ¥fC¥ 

citc^k ¥rs¥t«¥ 111 ciii c^ftfsiti 11 nfti- 

r*ritl C¥tlt>c®l :?H*I ¥¥18 C¥tlC¥ ¥Kl 

¥it»i c¥tf»ifi n *j8if»fitc«ifl 3ps erciicHj 
ntlt^tarini a w icw ¥ir¥«c»n 
¥C¥f51 icl?, ¥tl*l ¥ir¥«»!fl¥ ¥¥ ntlc^' 

«r¥Ill ICIT tt^t¥ffis H ¥iuici C¥tl|6 

Itll 111 1 f¥i ¥r» ¥tit¥ nfiriti ( 1/10 

) ¥Tt*ifiiti (jrtitt® arm 

Cltn ¥1C¥ >rtkC^t9f¥CH ¥if ¥¥f®1^¥ 

iclr 11 ¥1^ C¥tli8¥ ffl 

¥Mtflf¥tCl C^Cf ItCf I iritftl ItlCf 
Cl, Ca** ¥1151 C¥ttll ICII K* 11 Na* 
¥rtlC¥l «ttl¥ ^ifts ¥C1I ¥¥ Hfltll 
tm ^<¥ UtllH ¥tf n €ltlt¥ f^*t¥¥l 
¥1 il*tfl«I (Antagonism) 1C¥ I iftl ||8 
W11 find <r«¥ mfl¥tf¥ (Hott- 
toxic) amt¥ tni (Balanced 

aoiution) ir¥l Hfffl C’ltlwtl ¥ ^t- 







HW W«» •TC’H ntll mt 

ftii '§ 

( m^%. Tonoplast ’t Plasmalcmma) 

wnw*if c«w^ N* 's K^ vnf 

>nit? ^ I 

^nfi^ »»•*«# J^atfac^st f«i «ra 

cit^i ^I't^ I c^, arnsTfi 

¥tlf v«C¥^tMl «'6«I 
c»tJ» wfi a*i^ ar»ii «fl5 
Itn^ a«ai CfTW *!^1 «^W «1 « 

fsi^rs^*^ aii^i c«<tn *ftf, fti vm 

os^ «r<r w i 

^fil>I %A (Colloidal property) 
f^ii« «rf»iti 

>aJt i^t* *!l«II Ka* « Ca** ^JtlW 

h^lST •If^•!f^^?5 fl! atlfSl 

WH C^, 

cftci’^ c'5^«i ^»!i^ffisp{iis« faifans 

W I apolar 

( r».fnt® ) 05 ^^ polar (wc*! ar^^i )— 
<rtrv I 

tttwm 

imii ««5ic^ cif, «f<i’iw 

c^^ 4?jB Ufa^ (1^^ fwi) I 

••18 

wr ciife (11^ fw« ^i%\ ^ 
fwWf»! uptti •ii# c«iill»i^* itii *if I «! 

Ufailti cn citi 

•tl, cf Uw ’iipn% c%f •»«« 

ntn, WPiti cwn*mU tiiw 


fw cmr ffcv 

>i<f>i I 



la^ ft* ■ 

Itf ■'St% «tw 


'*•!• ftc* DavsoH « DanilIi-1 
9f*«if)i ^wi ▼»rc?tf*iPir8i ^16 ^cff 




7Mr»rS 

2^^fta 


•nt, 11 catlttsu 

tww mT|» ^Itf I polar €tf 



B4 


C^tUpni ff IV «ltf fton-polat 4tv 
t 2^k fstn trmin 
fivi «ff fe cw«ri I 

Ji'Bifv 'ii«|31vn m cvt»« cvtv 

(Lipid Sieve Theory) Vtl 

t^TfK «| vrfi mtTsti •iwti^f* 

vttt mv>ii c^vsri ^rtviu 

w ’fitvn vn ?ni--^fw« VI 
fn r#! ufeofii w v^ Till 

it^rcv c^. cvfjjn af»»Jrt 

fsifVt !Jf, V* »lJi| V 

ifntif^v **ttwtsr nff nm i 

cvt«i CW11 fniri f ffi vti« VCS»¥ 
vtcv I cf*i^—c«tf6i» jf<£iw«i, -iNf 

(Energy transfer), *iwtc«(« 

(Active transport; of substance) ^«ITf<r ] 
utvi^ff vtt-f <flf«i vn I 

v:#l ^- 
A rvitvfi 

»W ^tVl Sti I 

^ficw« cvU^i cwvi »prtH ^1— 
f¥, vvfS ewit evtsj 

vvft vtti »Ri nvt*T 

Vfi f^fn vftv cftw cviiTi 
•ifiiifvv I 

C^tHi CVWl ♦Ift^ Vi^ 

mx9 *it^ttnv: •iifv %% vfw 

Vli 


1. f«*w—^ ^fpill 
cvt^ftc^ «r^ nwfpli toi 

*fm tin mifiI m>cviwi 

i*i (Cell Mp) f^ m fw ftoi 
iftinf^ Pinwi vti »tmi vit 
fii «iitvfin ( ttnv— 

Chara, Nitella, Valoaia) CVCl Vl VTfiWt 

VII cvev ntn i vfti > 
nw vv"4vI 5 evtf evtv 

1 CVtnn microsyringe-m 

*!tmv ni vn nvii ewtv 

mwr 

2. VttPTtC^n •l«ri (Isotope 

Method)— 4| nifltV CVf!| V*f5 CWflFf 
nwrttff ar^ti vfl5 ^fi?-:ft4cv 

»i4i m f^tiNv iW m 
•if cvnfiv ctitifetaw «vitfvwmj 
cvvftwTi *ifS«iti vM 

CVVll •ifsm v«1 ?! I 
nfstm «rvsti >im tm m 

n, vS vlfii cvfwi vv® vcff v^n 

cvrtftv vft# mw f^f^- 

vtn I f5t^*l< SI ftfvf t^:*!svfwi 

V4V1, fS5«l4, C5VV1 fsw V4V1 Ivjtff 
evts vrtsi% «fm vw I atvm 
V cwvi 'vftv 

vt^rv^l sjMi# n w mi cmiv fs!^ 
Wkvi evtm mr 'fi«( v 

cwvTi mi inmvm mi 
4vtbivT *nn \ vtl mn f^f 
4] nvfi m evtv wmt *n tftcfi 





^ W •rfiftfl ^1*11 

^itm cw^ri *it^—fti*! •?<! ^t?»itf- 
w f^M m\ w«i '?c#« 

#fl—ftW •S^ ^t*f-B«f f^ffW 
win I Mill «ftcaiai =»! «, '^t***! 

Ti^* 1 <rt^i^r« WHS mfi—itM 

WH lUltl-W Wis I t’^lti-Hf 

Mill—c^ <(iin iiw rt®t« 

(c«f®«) <n wm) ^1 
w frfi I %i cw f’lfff«'i 
t|« Ol^tc^l nn M I 'ifci— 

ntit if% «w^ ift« «t^ I 

>lf f^fii ^1C*W ^5f \*»i: •It'ftl I 

aim oifiTif M I 

4m ni*^i *fw wwt% «?[ 
w-^wi^ I Ilfii«f i*if 1 *11*^1- 

niff \% ^»i*i 11 H'CM iciJ i«ni 
^fiiiii Ilf w ^ citi' 

«m Tiff 11 Ml ci«fi ict tn^jv 
f fif 1 i cw~lif f ti«C«t^f I 

itiitf, ft-rw fifiw iififi^ 
ffrFtflM ffwl nif c*rt|W 
ftlf HI llflt»ltl HWfCfl Ifflltl 
ItM^ W ClI I ft HfWtf w Ciltl- 
W It^WM ItH Hfw fill WI 
Htl»l1lf 1 Cfw a9C0 a. U. (1 a. U- 10"* 
cH (hHi w *1^ ^it- 

ciH ^1 fill wfm ciftm cfi« i 
CfS fv Cflf 30 fi:-4I Mf 

lw!lt*41CKlCftlW 


itM'ac'i cilfii fn ft! Htf ^ fi8-4i 
If fif ftlMfW fiflflf 1 Ml 
Mtttf ffCl Itll Htwtf f Clftlftfl 
W9 CMl fICfl ltvr«*l CW9 fci fflk 
flcillftfll C^tl fllltffll Cf»W 111 - 
wtifif iftrtti^i Hiiftf if^"ii 
fi^ ffi *nH fill ftn I 
Ht*tfTf® fl ifw^l fflfl 
flftltff Mil cihf CfUl 

I'll! ^ijfl -ICf Ifll itCM ftl fik 
♦tif d\»tii 111 fli 111 TO f*3l 
C1C# Mtffl llcifl WX W CWIfffflltl 
itajii Htcftf f cifff-ficfi irittfr 
<r^ iifftnfif ifti itiKi fifffif 
ffifti ffiiTni ifiii rmtolii w 
Hcif ftcnt fcricii Cl, HMfCM wfii 
nfiiff® fifiHtcf *i<cifi 11 fill 
M MCf wtifm wfi *i-^< Ml HI ffi 
41 fCf Miff 111591M 
Mllllffi fill Ml I fMftl fill Cl^l 
\i Mf ItlJ fM 11 I 

Hll-»C1 ff Iff Mill 1934 ftC*1 
4f 18 ^latfif MHff fin 
CMf 35 ff: fis ^*ltf tii cl«l I 4i*if 
flfll fflftl V-2 llffe 

fiffil ifiiti fiifi wcf fiwiftn fifi* 
wtff fill 2C0 ff: fis Mf Cff 1 
fii Mt^if Minimi ftmii fc<^f 

• Radio Aittonomy Sectton, Mack- 
•nxie Uotveiaity, Sao Paulo, Bcaxtl 
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few fencflfef 

jft**! ¥£7f 

fen^i ¥ci¥ ¥|i »rfv« ¥tt¥ I 

fw fe*t5rcti ntftWT vt«Wfi[¥ *t^c^¥n 

»t«ltc^ I «¥C^J 

Wf ¥«1 ^[C«ff W 

ffin fen'irtf ¥ 

ll’TC'I >I«jfe '¥f 6 ^ men—¥f «¥Wf 

*ii*ftffe ¥ «wcs»9 

wi ^tem I «T69 nfeenn « 

'sstn « mem *«e*ii cnc¥« 
n^r m ¥n^fapi«lc*t ¥t¥ f w I 

iffr« tfrne»i =im feitf—nen 

¥tci ^’«’!ii ¥tem « feitn P^fViiMft^l 

¥f fe entn^ftem m-a i ^tnen 
W¥ a’? I mm entn^fe ar»¥ n^ceif 
f^«taa ;it*i ¥um¥*io»i I ''«in*tl'ai 

6000* I mtntf n-ocna fena 

20,000 f¥: f^: ^caa *«t*« 

^tmlai 0ti 15,000“ I 5«^»i^c«u m acaet 
fantn ¥tn*it3n cftn c^t^i 

lO** I a<*i'8*^ 

¥ ntfn etten c^f^i ati m i ntfn 

emem if^cfai "¥«¥ 

viif£{ir cnc¥ <aeafl m'jt na 

cwi fecii^cmnj itn—¥ c^)v 
¥nti mt cn\«^if 
'^'Wi cn\«¥nf 

i¥n f^’^i¥t« c¥irff*f I cnnc¥ >!t?i 
imm¥n¥C¥« fen^ ¥tim ^twlntcnm^ 

¥mfi «»f¥ 11 nw 

%d { •«¥ w c*i^w I C*!\« ftl'f fti 


%0ii 

OT fiN Rrf in—41 wn 

c»iVi¥»icf« fy^t<i '••jtfi iit% mwfif 
mnmr¥¥ 111 ¥dt itiff¥, ciVi# 
4^ aft^f cft^i ^¥n m itfint 
^ cnc¥ f¥|^i r^pFti »rtftfe wrttii 
4C¥ am all faff*11 c*i*t«¥mr iw 
faf^acn fea^n» ¥cn c*j\«fmfi 
’nffa^fcai ncf mw ci^* fapFatu 
alei a^ti i»i cnlfl ftrmii 

nc^i ¥cn enh raff«a« 'i 
aaijfaf fci ¥ci 4m 
'ttana aica a\M ‘ 3 i 5 atita ffc« ^ten i 
4'f ®1ca c»i\«lcicfta nmafaifiwni 
«?tra^fcai ¥C«i in faPficH fena ¥if- 
atm ¥ faiia* ¥ff¥i fe^ciafe aafaiftv 
fafaaa nr«nfn« n i 

atiiH3c«'fl feni cicf a{^e¥ n^cancm 
«rms? araata ae^r 2X)0 A. U.-aa cit^ 
far*fae*t» nifa ¥ii i 
a^atw acfa « aifBeatiHt if%c« 
n’Tt*^«tCa =?<£¥ nma¥1 ¥51 fUtl I 

leia aft? « «(nrca9if1 iftci cnt«- 
^efefl ifa cac¥ c?ai cnci—fafi 
cne¥ ^tni 4na afi ^farnii i 
¥if«ca«a^ CTO fai^ Wni 

faffsa n«t¥ 4tc-f« faff«cii csci iti «5 
mtf I let a iftei fai[i nKait 
Clef «i ferna cittc® ntei i 
OSO—l, Injun—l,SOLRAD, Acrial—l, 
Electrons—2 4aa 4—4| la feWfi 
ntficm fern mm w «« 
cam c*tci Cl. iRr cfta far¥t«i m mfe, 
w cafnwaifVi ¥*l3sii<irrt 24 afeti 
cmfetife f»nr«af%¥ atrf i icif f»i ciw 
fiff mini iw 4fe ’•tim 3 €ic¥ 100 in 



cf^.19731 ^ W «7 


nfi^fk9 itfi <•! ^fkr^^ Mi 

^rmi cw 

5«1 •mf* '?t<l lf%« ^311— 

W—SO C3C¥ 
3ci» *!’ frt *t^« if^ cnc^ *rtc«i 
c>i\i fwt«i ic«3 iftri 

f^fVi*! <T3*I ff 19:6 >iicn 

Aerobee irfdEv I *1C1 SOLR AD 

•ffcw c3C¥« 3% 

fl1 *ftt5P| CW 

'i^aisi «rti 10 «*f \f% cnn •ftci i 
f^C’IrtlCTl ¥C»I JT^tW >TCf ««3 iftr 3 
C3; ^?c^rf ^«c«rf '»^afti 
«fw*r5ft^ 3C1 3tc¥ 0#^^ <nf| 

c3c» «f3t« 

IZS ffl3l c«fti J 

nw wm wfJ^l cnri C3, f^Rii Nt^yi 

f^fsi ’SI C3C3 
f^f^fi's n-~’esw'^»^f SIS is 5j*icn 
frlH VIS SCI stts I 

-sites 30 ft:-4n HC19 <ss|5 vi 
vfcil 30 fs:^ itn I9f, SI 

vtstess sfisas df nil stes i ves 
vifti cs^sas ssiv vfstess wfs 30 fic- 
««s vf s^sfss fss I it« ^ncn 
WS SSeV cits SitSft SftSVS SIS 
fw St I Allouette-1 vss 2, OGO-3 
ss %sit« cs csiti «isi-sa fi*f, 
ltd cs\s fsiTtSCH SSI 300 ft; *f<v 
s\< vsv sfi *fc?csi ytiii s^csvcsi 
SIS SSI ftfsci CfSt csci—lift visw 
W fttHSftft fscsFtitsil s^st I 
ftus-iftfi sfcsvtSf 

esev ntsv vs sftwi^ dt^s ^ss 
sit SCf 1937-53 siw CSi^i stittsrt 


nci CS<5S V IW^ StftCST 5PV sf%- 

s-^1 (wfcstrn cscsi 

vcsvtfi cfwtn,—st^s, vtvivs '• 

ftlS*JIB sits stilt (1^1 t 

splint cscf vtcstisics icsi ^sfti 

SCS fsitv HI ftlCl I Explorer*4 W 
«fss ffts Ssss. stci ftiT^'-iftiti sites 

ltd StStCSl 11 « 1^1 CSC1 viv tSSJl 
1 SltllSl^ stsiftt ftllt-f ftiti sits 
V Ittss fs<ricsf stTStci vftiis 
1?ni< ^rmt «tli Ititl • Explorer* 12 

II cs\» iftftf sites VC^l ^S 1 
s^si Cltstt I Mfltinfts*2 1S^ 4-11 
stftcsr if» in stVs*^ csrt^si si* 
csss 111 Id • Pionc«r-6 ill 7 
CSC1 ^1S« fllT«.-lflSt 1 nft^tl 
dCH SCIT f#lt-*tr«rJWl stew Hill 
ts*!! fttSFtKSs ^11 ^*1^* cisti-iiefi 
SCI cs^l ftlivifsftl sft^ s-s# (SCI 
xcs 11, ClI^CSl SCS tesstss flfll*i 
eiftntl SIS SflS"S« tcssll 

SIT silt lit SCStf Marinet*4 1S^ 
IMP-3-C11 

sftc*^is ISl ClCl stcics. SI111CS1 
itsi iftis sti ciS5» itsfe s fes-scfi 
StlfCS) St.W CSTtflftstl C1C4 IS 
sii[csi S6st silts I SI SSI snftfsii 
^eilsssi itftstcH SCS tiss^ii ts'tf 
ftfsitsi stew I^stcs H^SCSlStStCll 
ftwt^ll still «S11< Sl-SfISIS 11 
sjiitfts sst #ss:l 1% stdi 1«- 
Stfti CSItl CStStlSftSl SCS ssftltl 
^4|i wtisw csft less its s sft®” 
cissl iftri isi « SCS iss iftr 
sin ftsfites vest ISIS ^cifvs i 
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niftwM wicn 9tw ^fr»i %*ri f<r«M ^ cww tftffw ^ifm 

w '# »fiffi <r»t^ cww fSiw ’Ttn cw ^ fi wr a ?l 

fti I ««i5f 'iCf’iftail *im atfiatiii a>ri naji-if iit<rm¥ W 

»!f«i aai afMitf an ff. c'eif^ s'lfat-r, aitiar, ^rcfi wrttt Wtcfi arM^a 
wfftcai aittf wa i 


Fi'-nts? 


citcn* w 6i-*ftci»i ff 
^tcf—c^ aai c^ca aftaifa arK^ 
fw», ftcii aci 51-ntcsii 
aatt ajtifcifi cf*^ aci wtstt atci i 

^ iPtili fafwr wti»iTi, fini aci 
fwi ai atw iiici atca 
wfat atf, Ti^^i lai »1- 

ntwi aalh ficai'gfaai atnt «fli< c»r 
^•fftfict• I i5V*tcai sfraf^a 

aiTii—tttai •fiW it^itfifiv 

anttci f«»ri irvi itf^naca 
aw catra i ati^ ata «faca iw 
catwilia ^fi nti •tfi'tna fi • 

attfiti wtati faca ^-aa fn. 

aTtf%f^it«^ a li«fa^ aw awfacaa 
w,fi fawt afai anfaJ* icvi catcatha 
ai Mfiwtfiaca •tftaTW atftca ntw 
ai, aPra fa a/if& anPi® wn fai^ 
wcf atft ai atia faaiw 51 fa<ai afat 
ftft an awfta I f»i f»i|a a 
♦tf ata’^hi 1966 atw «ati awa, 
twM laf^cai aflati afa ca« aa^ 
atcf. 51 ww da aa^ ana ai aw 
fi nat^ta fai^ a^ cai i am «fl 


ftatca JtaitWf aai aai awwE— 
Bi atifi aia atali aw atifi la^t- 
atda cim IdwtHita il ntwfiatawi 
aa*tf awa aai aa^ fa. a^ ^fatn 
ai. afa^i at%af« »Wfti aw aar 
atwfiati ftcatn i aai atici aaaV- 
atda wnm Ptati aa ail a| aitatw 
fawa ^caawtar ata awtaa aitfa* 
caifin faafiatawi ^1 IHf ^w tti 
aaaM^it i aaaa itifafica 'ttn faa ata 
nfafiv catcarNaatafi ata fawwa 
at4>i ffatw fawcia a^ati aai 
v«i aia -> at^aft atcarl iaa*1-atdf 
wnai faata awa^caii faaataiatft 
at! aaaa utfilca -Jl aai aaa ata 
aa^ at4h ftana a^ata 5t caai 
caa. atcaa ^ cita aafwwi a| 
arf atwi wat caw ca.5twa aiaiati 
faaatifaa at^ faawtfaa aiai awr 
ftfaci at^fi faatw awata aitaa n-atft 
•Jtfilcai aa at« aa^t-atdf wtaca 
aani atw aii wtan wa, faaatlf^ 
aw itfi fiwi apt cata aaK 

aa^kaatdcwatacaw wi am at- 



ftfi w ^kKkm «¥fw^ (ftti) tm «rti cift^f m m MHn 

111 ntw nt<N fl*itcf w fftsicf tv iR<iit«r«i cfcni«» •tm 

fvi ft*r « vtim 5 ^r*T in fftf crn ^fwwi vrwfivtif' 

ctm,vttff tcitir ’Wfii wt^ffitv cfi f»wtf n-ml^ Ititcwi wil v 
lOTCvn irtPicitf!! cr, fet cfti fti i vtw fw 

c^tf <i»w fi-*rt? fw4t-¥ttwi t^f Cl, tttw# nr? 

Wn ««tl (^Wti VfC« ntcf It I •»«! W-ltl Wtl¥ I 

vti« wti w—fi-*ftftc?i iwti vfr- »wii vtcit •rwn wwi vtii 

•tti^ii *•! citcii Pffti 11 cit I -iw ¥11 in. vfiinn smi *ncf wti^ if 
¥f¥nt?t (ntciflfti)'11^ i¥if n-ntfti fiT ftmuii 


ffi-isin 

’t*fW ftifi 4ffri Iftci niif cfii fCfti- 

•?jl ¥ flfffi fill; ft! «rii wi¥ ¥11 itiit iti I <ifnf Hill 

<etrcii ttfcii new icfl ft iciffi cii, ii^nw if «tii ^«tfic¥ii 
fit, utfi, I’^Ti i «il wit-ijtfi cic¥ tifti it ivitn mici 
1,%! Vtm Vlfl 1 Itfl |C^» ClffClCf ICl <21111 ¥H1 I ICl ¥111 ftlf fl 
ici-fwc¥, wtftffi fcicf citiitii fftij mti nti i ^t ivsti, tftniti «ii^ 
■wtff I ¥tt <rr»fi faf» ¥ fifcn nfiari cittii ftitci fipii 

wtv^ci ifm m citiffif If ifi- «riff ii¥ ¥ci i^iftcf ^it 
«iff tifu n<ifr« fin fit w, fitini ntti-n tifi in iw fiffi 
fti n^i wtf Iff ten vtif 1*1 fw I f 1 ni itnti cftnitt ifi- 
ntuifim I iitci wt^n IfHftn n m 

f4iiti ftfiimi Iffftf ciVcfi- vififiti fI ffti tni n«>¥t-Pifl¥l 
*^n¥i fifii f¥ ftn fimlt fl wf »fciiif*if If iiT fift« HI ft i 
few fiin fiitiPti itif tniten VI fie«i iiitl Ptif-jfntiflii 

(vjtffitftfi) fit» nti I nfi 1931 itei if*tw ftft ft i it: nt wtf- 
ftw 1 ft ifhpfi ftfiVI f It: ftiti itfff n ivsftnt citti tni fI i^iti 
feif fifn^f ft f-ii itf^h^ivtftf ntn n^H icii fi^ wtemifi^H 
m 5t tmtcii fiti ntf* m in^ ilcn leir ft vA ici flft i leif t 
irtt ft tnvteii Iff cfi flfcmtf f ft ffniti lemti mw wfi it: ifftiici 
nmnftftfi fiif mti tm ft In- *itlffi’ igmi itci niifii m fti 
4 



90 C26iii«i^ai^^ 


4? ‘ci*rtifnw*i 

ff^fffi Pr^i 

f*W^l iWf « «if^ iw 

f9Wt40tf wiw *01 fit 

Ci*Ttff*R Clt%Cf Wlf 

fii*w[ ¥ci *rtw '<’ 1 ^ fwK 

f «<¥ 3T^ W «l. (iriJtl ▼C«3l I 

fnfl 

I n ft! ‘«i srfil 

cfw sft^i «rtw «rst5i« I 

ffnt»icn •rtfrrri, 

^ ifiiti I 'fln<i cHi^ 131 

wttw n<*rftt 3iit^ •ft'fii c*iti, ffi 

w •ftfl8 «t«n wiitu 'ill m iititf 
*9 fslfw ff '^nK c«ftftt ffr^ 
<rti 15 c^: fki nil %n fti ntcii 
il fnin Amtell nt«i o s cnci 0*3 
UMI ftfcif Item n^cn il 
nmw «rti 8 n I 

ft: nffiw^ fft 

ifmfii n^ntf oi^inPw tMfi fttimi 
ciwf niew fttf 4*5|# ftCf% ItClf 
n^nifi 8t»i n iri ntH* 
mil r«f niln-ftftn Pin I 
nltn»tf TO cn n^ mr itnt cnci. 
11 TOiil cii»n^iii 4*0-63 nil fn- 
iIf, «|i iif ntf* ftlwtni» '4iln 
cfwrtihi TO iitii il «ni iftn 
TOT i n y TO 1 nltHi TO ^ntro 

21*6 cnci 34*4 nt^m 90 mi sao 

nn nil itti i lU ti» t*fti iro. 
mtw cnci m «fi #iti 


fll 50* It! cnci 100 It* TOltTO 
ntncfuntf I 

il nil n i4> fti-TOtf nwci 
!« m fcfi ^mti^3 irfcf n ftn 
nfCl frtlll TO 6 %Mtft M IV. 

niitilitcfi iift^ nil innti ciw 
ftenw nft wfi i^ti ft ft I TO ilh 
Ftn ittur n 11«cit^ iTOf nw 
fn ntwi TOW n 4ft Cl. ft. 
ftfCl* 1*0 12-15 Itit I itftn ftcf^ 
5:titni 18 4|i stftfi ifcf in^ iifiti 
fhn «ffi TOtn 

icicii ^n|i‘ 5t«i iTO itfi cmi 

II nft^ti fti fti ift ntw 
iw iifi cfi cn itint ^ftiti to 
ftwi ^nftffti n^icfi itfrt ii 
TOJti ftci ftw ifn 111 ici 
ilS n^TOi vtntif 41*1 TOi ftftftm 
lift 111 TOtll 

nllltf TO~TO1 4ltl ItiJ IV 
4ftitiitwl nUii iini 11 itni 
TO n^iitci TOn ftci ift cm 
ftft iFCl ilft TO ftw 111 iftci 

up cifm nti 1 iti! TO ftftciffw 
ICl I 11 Clll iftl TO 4-5 Cl. ft. 
Hell icitli 111 itn ltd TO TO 
mi 4 to 24 i4t TO ftftrw 
vnci mi TO cicn-iii Iti ciw 
ftci m 11^ TO 1 ^ 1 24 ill mi itifi 
ifiti ftcf iTcii mpcTOfci^ 
CTO ifti cmi « Item TOWftr nli 
30 cn* ft* lei itftci ftw mi 

III TOtTO m INTO wti ftm 
ntn fiifii ItiTO mnwiifWf TO 
4TOtTO TO TOI ^ TOfift TO 





^ItW nW ^’W^ ^tCHf ^Wil ^1* 

•rf« cfit fw orti c^i »tii ao 

c^ w%m iw («ti ti iti! •») 
citf ^hrwi iHfp fi I it?i 
fi f fU N ^<W •t«WW ^tttCTI «wi 
20 cn: fv inti wn:^ fiWt^ 

40 "t^M Ci^RI If I f^, 

«. (Iww ). fi. •« 

( cai*»wf5w 'frtwl^ ) «nff% 

fiwt? «citrn ^fnlw ^fi 
w ntct w 

if «r»! cwtt cnci I 

^^f’lit <rti w '•Rc^ tti* I 
Wf4C« Cf^f «f« 10 %JT ftltHf nt4| 
<rt«lf44F Cfftw w %t»r5tC4 fif-!CT 
ffr« ff» »tft9i 45 c¥.ff. ¥>c:?fe, 25 
Cf.ft. (iSf^ 12 C¥.ft. ^^clfiwsi 

<rnm ¥4n fw \ *ri 4^if«»ji rtt¥ 
«ti1 60 X 60 Cf[i ft: ^icf ••« 

^nv ^ WM ft«ift€ fit will 
utl ftj<5ti 11 filf 35X45 Cf: ft: ?111 
itit fintcfl Will cff fintfiif 
fuftw f«ti< ff fti fi\ nil *Tti 
ftf iti sti f •ifii4i 

fiwl will citn nffinio cf.ft 
ftftci v^tf, ffltl nitfn itw 
HtWflti It# Itlf It^lltCWl ftf 5t*!tl 
ftlf fill %Cfl ^Itl ftf 1RW fi 
ftff CItCf fffl *f#l fftCf If 1 ff1 
•rtl f ^ 8-12 fft^w ft f ff ff f 

ffft nffftf nftiifi ft: iff 
ffWfCl fiftt ft! Iflftll ff. f|l, 

ortifi, 11 % n «*%ff^i ffim ftf 

ftfftw f^Wffi ftfif 1 •i.nffi ff fi I 

fflfl^i fff cfff fif ft ftt 1I11J3I 


itif «i ftf fit %f ff, ftw fifi 
fWtft cuf pm f ftfcf wfff 
fCl Cfflf fttl, f Cl f f f ft, Clfl tlfftl 
ftfiti f<ffti fif fit ffti« 

15 itf Cftf ftf Iff *t%i ftfti 
llCfl fill tfftllf fftltWl ftlff 
ftffn cfit cfcft 15 Iff infiftcf 1 
%*ffti ffi iifti ftif fftitif ftften 
ftf I ft: ftf 1 Iff iflf 1 ftf ClCf 828 
Cf. ft (#itft) *t4f ft ff cfcicff 1 
fci fffiit ntf cicf citi 4fft 
800 eftf 1»003 Cf. ft n4f Itfltl ff 
ftff ft lit ciif ntci I 

ffftf nff f<ifi nftf ftfi 
iti ficf cm fewt^i ftfiff 
'diffff fftff itm fftfUiti 
Icffi, mcititft, fft iTfft ftcf cft> 
di^ itfw f’ftfti iti f nftf 
ftn ftici miiti ftfff fitfnifi 
ftftft Cfltfl, fllA, flllfl. fflffl. 

« fillfllf 41 fIf dt# dt^ ITfi 
4tii fit ind I fIftf ncfI 4^ tiftf 
WlftftfW it^tClf IClJf %lft fftff 
•ten CUlIt fill Ilf fHt fit 
itii 

i f tifif f ft f fffti f fill, f ft f If, 
Iff ftii ] 

ntcff fIf 1 

i4ti *fi citf^f %ffiiicf ftintf 
Cl cfti !• hii Iff #fi fiK fftm 
fiJ ftifif i^rcfi If I iftf fitf 
ffftif f tin imii ftf I If Iff f Iflf 
ft f ntifi ftf fit I Cf fi cil t 
cm n iifftif ijFiifi tfftft f dft 





iftlN ^ iWf 
filtf '•ii iflwi? »it¥-^ ^Irt 
fiw ‘^PTi wwti *itff 1*1 fti <itfpr I 
ntwf %V9\ <r«ii 

ivitpc«%i %1if I (^t^¥i- 

•if^) tffti 100,0(0 «iinf^»anin 
w fcm I itfi itti« «i>iw 
Wit¥ ^tiw m ’wi I Wf 
^1 ftw ^j^i5i H «n» 

« mtw w ^w*t5V ^fifi («!)'• 
ipU ^ mw <rti^w cni^ 
citw^J! wtinti »tW f's ^^w 
l*ti •wwi irHw 11 ijn«i 
Wt¥ ’ll («{*&f 

11 ijtiw ii’ii %-wm ni 

♦iiH Tiitv, itt»tiit^i riit» 

irrtjn it«i *rtit**f»: i« *iit 

Iff! m ltC¥l mil. Cftl¥¥ ¥t*f¥1- 
f ¥ flfl> lJtl»l tt¥1 Itl f^JItCl 
untl ¥11 m» mitll C¥tt¥l nc¥ 
flltv ¥ C¥t¥j IJtCH lt¥tl ¥¥1\ m 
¥W¥ ¥nl iw m nt? I ¥tc¥l «rtifcn 
fl4ll¥ ¥11H ¥nn ell *l¥^ 1¥11 
Wl¥t*l 

Itltl CltlT ItiVl 11 ITtCil tt¥tl 
HHiy 11 ci^ I *Jici «|i -iftitw *i¥. 
lien ctitli. itii mm ifi¥ iRivii^ 
1%>tf*ii f^, fi ¥ fe ¥trt I mt¥ inafiy 
<¥1 ¥1W¥ Uiwt 1|M1 ¥tlti; ¥111 
filtftl. •inil^tt¥Pl¥ HJtPll fl- 
¥iww ¥t^i f¥lif^ ¥n icil •rfiltw 
ntw Iff I ¥tlt?1 ¥ tf¥ 1¥1» 
¥11 ¥ ffN% ¥t¥ Itllfl ¥t¥ «Clt¥^|l 
¥lt¥ftltl, ¥¥¥ll¥, ¥»tP|ltl «¥f¥ 1^ 
¥« ¥11 Mmni 11 ¥1111 ¥tf ¥¥tl 


€iat¥l>l €11li|¥ ¥Itft¥ ¥£¥ m ¥ti1 
Itltl ¥1«I Ct¥¥tl H 
n ir¥ti mu cii^cfi nw 
¥1¥1 ¥|1 •iftnw c¥till, ifm ¥11 ¥ 
fisWitl 111 ¥^ UtWl Itltl CH ¥ 
¥#ltwt¥^l I5I ¥1 1t¥lti ¥W 

Ifn itu iiti cm ¥11 ¥itci iti 
^tcwi w in fidi imt% 1 
Utlfl Itn Tltltldl 

¥fl¥l¥tlt, C*rtlt¥, •n¥tf1 ¥ Itftw 

<iPrti if¥ii cm ¥1111 

¥tcifi¥l, Ititl ¥ Hcitcll CHl^ 
Ijtcil Itltl nffllll ¥ Itflll 11 ci^ I 
ClltCl lIt1¥¥tCl ¥1 111 ¥11 11 1 itltCfl 
cic¥ ¥j8 m Hftii ml ^Mtfi ¥1 
im ¥C1 ltl¥ 11 €1^1 ¥¥fll *1<¥ 
liH ii\i ititi c^fml 111 dticii 
¥C1 flffwi ¥tcn CltltCl CfCll flfn 

imi ffifiicm ¥¥15111111 ¥l¥^¥i 
im it»fe 11 ¥Wi inetm ¥ntl 111 

¥tl C¥tiRtl ¥C» 'ltl¥ ljt¥¥»tci CltU 
lltlil itltl ¥tl ¥lltl •ll C¥tl Cf lit 
itmi 

UtllCfl CICI flltll ¥Cmi ¥tllt¥U 

utifitii utwi itu stem m fmi 
tmi^5i ¥itCT miti %it¥i fm^» 
¥¥<5 ftlt^ ltl¥l It^n Htw lt¥l 
liitmi c¥w citutinfiwiificmi 1 
¥itci ¥ti¥ utn¥itm it¥i tMtmi 

ciii ¥« m* iiW ^itmi ftpw 
c¥Vii ¥ iifi mm uPmm nmM 
¥11 mi cititwufiM ttii ^¥imi 
<1 miltltll mttl, C*#C¥¥ ¥tl¥ 
¥tlf^ ¥ fi n ti w ¥CI C¥Wltl 
¥11 mil dtlitll¥fT¥M1llCfHCm 



c<l«ffhh.]99d) ^ 


Cl, lt»fl 

m 1#^ *11? I w nt«« 

«ti >wi wi ^ ^npfvn 
«f wi iw Wi «ni iti I 

it^i OT itnvtn 'R"ni% 

•fi «i *f<wl ntcw lt« iWtWt cw 
•ftrii #1^ 'Wi «ti^ hcti 
citwf iftwt 
•fin 111 •ihti tnti 
« •ffinw’e «wi «i»i¥tn wirtf 

111 im tin m inl iti 5*itfw» 
m% wiM c>r«(^ •fih il ^n ct?c¥ 

Cf«11 Vt*ll Hftll 

f^fwn n •it^ itin tni ffn- 

'i cwi c^ti tint inffC’^ 

n •ftni ^CTi 1? « ijfi. 'utntftiti 
Tit* Tint, liftii « fiTi 
tnu» itn fif^n «t«i ¥i-nt^t Uf* 


fn cm «tn*i ntni m Tvlitt 

«l*i iifiTnmi 70*-W T: f«« 

fiTi w cft«r «nci| itn tit «Hiti 
65* 4tn n itn csffln 

ITT itm *ni iff 11 niii 

itf 'i ififti-iftiTr itn itti 

utn* mil cfti (Mtn 'f <•11111 
tiar* 11111 

ijtn* itit* iti fiitii iwcftiii 
wiij lyHi tiipifari OT tin witlii 

r*if%c« tf fivcii 

nil wm wiititiCT* ltd lilt 
•i-n* til ftvniei ti« 
•rfifst* <• VII in Tiw •ftm cnii 
mil mW'i til itw iftfi fl^l 
in I 

[ vt*^ ff* Twiti nfiif, fft vf, 
iTi ftift] 


>ft¥ ftvTi ’iiitn iftff ftin fill til 1^1 
vr ft’!?'* Till itift iftft* «iti—n iifti ft w* T 

^ iftntftf, ti tfin* 'nm« 111 , m« itl i tin n find, 
1 wm vii lit, ft'i 111 I 

iffm* wntMl itii I iin iit nn* Hi ii i ci 
ifti» Tfti iVifttt^ im l?hi iftitn, itit* liftP! ftitfti 
iii>ti iln til 111% 111« w ftvi* 1^11 Iw ilitti, 
^itftri cil iiHfti wtci nitfii iltici I Hidijil •*•* 
ifi; nil "1^ ’If' ^ft mifti I* (1895) 

TiH vlfHiw 



4t»!W 


^(ir¥l 

ftifin:f fffci Kim 
If w fff f f ft w ffi» 

€wrf ff ^ fftftf 

tffe8 ffftf iPtf cfcf fftftcf 
^fffftftii ^nrrfftwcf cft^fn^ 
w ff^ cfif fw w I cf^csr— 

nfti ’ft.'cffti ft^ti I 

«KfJfcf ftill fftfiif 

f tin ftn fit n«i i ^fiTwn ntiintif 
ntftwi ntcf fi«tn, iKi*. ntffv 
<ifff ftcni Mtnif ftiti inrtn- 
R«tn» nf 1 <-ft«tn, f-fttitsi, 
ff ftm ftf» ffi m I c«ffnfiftn 

f«tf ft ntifi ntwCTi n<ftf \ ’ftfrn 
ftn cnift ntfi nw-ftf, ntitnn 
fii 5cnnii nntvfirti tifcm 
Picfifi liftif ntnf ffnn i ft 
cnif itf nti fn I fin ntitii 

cnfif rt f tm cf Pifif tn f ntnf w 

♦iw, ftwcf fttfnfinifi €tni fwf 
ffM «rt1iTi mftfiftn f ntifii* 
fift f^ii uttftf iftf^ti mf tcicf 
•if tnf^wtn cuPr^ftn ftwtn 

(Taionomy ffini Systematics)* I 

CwnffUcni inrft^ 

4ftcfi cffififtn f ftffin «ni 

1. Cftn Cftn Taionomy f 
Syftemttict ffl fti iK fflff 
ntitwtin fwf ff fi< nrwfti fit ft i 


fiwt^NfCT TOf fVn nm «r»fn«i 
nfH ftwif film fwn, invJti 
ffiiff ft fifii tff ffftn cnt I ^ 
«tftn ^ni fcif iff ^ ft ftfCi ntiff^ 
cfftciifniii ^itff ntftifr drtt^im 
liiftf^f ffffln if ntfii ntii 
ftftfiwf «il^ifi hfff iff t f f f f f i f, 
fitiffl^f f wnffft%f iuftfiftn 
fiwi ^pfif FfCff ni tif^iifCT 
4ftcwi cfRfiftn fiwi fit itfi 
wnr, ntffn, •itftw. wtnfr, ^ntntit, 
f^niii ftfff fftni ntntffin c^ftfiftn 
fiMi iiff^ncf «nin tfw 

nwtffftf fti ftn fwni r«fn iff 
ffin OTff^ ^ncf wfftfif nff, 
witif f cntffp—ft ff f fen fif» fiin i 
ntftw nuf c«(nft«tcni nni fiifntni 

Pitf fif! f iifn i 

(f) nmi IS (n) ftni» in) ftnti 
(n)ni,(i) fM^nt iif,(i) 
nni. (f) entn. (f) ctcm iCiftf nn, 

(f) nnf f^f tsntf^f nf, (♦) ntfii, 

(t) Sfftf nin. (i) fnwfiw» (•) ftn f 
nifi nfici ft! «tfffiW! I 

nntfF nffum nwr ^tfiUncf 

• ftfcf 4 

fi J* Im Bhiduri, K. K. Tiinii dt E 
Bttvas (1972) Zoology: (Coaciae history 
oi sctiiicfs ID India), Indian Nadonat 
Scigiici Acadamy. 



««w m MI «rt%rfi a»fi- W«i« trtfiw itw 


fi«N * w< % ci ♦tw ^Cf t w 
fif^ 4tfffiK¥ fti tfffar 

I #ti iwti ww; «rt%ffi *r^# m w 

fft •ft«ii ^ti, wti ifii <rtf^fii^«¥ fw- 
filfiw W fit i11-(i^) (Ena- 
iiBa>~f|q W|jf tiff'll : (1) 

ifttw, (2) «itif (*11^, Jfilfi. twi f 
), (i) ^wlil (Anaima): ftifiHPl 
«it%» fwi f «ii arfti wf niffcf fsfi 
fci Pifiiff• ftci fti fit 

fi: {!) cfftwnntii: wi^nm, (2) f 

ftiff. (3) •nt f iff fit, (4) 
fCWrw it CitftfI: -li<» f««f. (5) fftlcit- 
: 4tiff^, <6) -nf f <¥sif^ «t% I 
fif^t (Pliny) Wf 

fCl (1) Viii. 

(2) Wfii f (3) Cifi—ffi f Itn ftfV 
ftii I fli •tt-stfr •ifiTHl 
ifCfI fi I -fi fi 

Cl (John Ray, 1627-1705) fta ciiftfifM 
fic-lffti ftiiMi <a'cif ni flllwcil 
flttijfm (Carolus Linnaeus, 

1707-1778) iti f il ill 1 f a Cf 

fffi nifw ftii iTffitfif fciftwai 
f»fi (1758) 4W|5|fiMf (1) (2) 

nt^t, (3) l«5i (IfM f arilf5 \ (4) atf, 
(5) *r»w (6) wwtf iftwrlt «i%—4l 

if ffw fifv ftii I f»iatift»ri c^Pr- 
flftlf Ci»f4t4Titf C^CI«C1%I ftit# 
(I. B. M. Lammarck. 1744-1832) crt%- 
Wtir nfca (1) 0mit f (2) miVftIt— 
fiw» «WI TOCifi^Cf 
iti «(w « nc w Hg fcf w«tcir P(99 
ftw» ffN fOtfiiN fiw ci, 


fmtlil ^tw, fin ftit4l wtfF nfiWCTi 
iW ilfi «fifi«tCTf W wfiillfiFi 
Wf flW I (G. Cuvier, 

1769-1832) ftMtt#i fiitf 

fiW »11 filfi fti W fifV 

f Cia I 9«(C. Darwin, 1809- 
1882) cufififtW W 
iHWi ci^t iCM I 4 it if fiwta^ 
erififi^cf w ertfif*rcfi fitw artfifftf 
atat «tta fifW fciwa i 

iTlf fHfafCfi Vf c«rcf aitit fd 
fi^i "fit^i <fii ffn fiwtalil 
4fkt Hill fcif^ ^ifif iicii 

ilPlIjCf ff fl f tl ( HWtf H ftWi 
afai if a ifii^icf fiwi w a» fiti ) 
cHtfi fa4f fleva I ^9 iftfitfl 
HHtfi ra<cf art*li cfWfiif fiffii '• 
iuttii HCi Cl •tfta^a ciii iff. ft firti 
fVf iti fa I ffti Hififiiti Hitf ititi 
eiafki atf HHtf» fa4cii fiffittl 
•fftifaf ii 411 I'^ita art^i iWJ 
if Kf tl ifii^a ifi (itfttkff, 
atfr») fUff ifiCfl ntf 
fCi HHifa f fti tiflwtff. (Sub* 
apecies) fa<i fit WI Htlfif ftri 
ftiffa fwa^ 11 fiirff ‘itifiJf 
cHfififti ffff'i (Numerical easonomy) 
fil ianta i* ^ iffii Hiifit «t%i iif 

2. 4 tfi filfifitf itf firttltCii Hi* 
itifif *fff-flHf4t HftftaiCli <Adan- 
soo. 1727-1806) fiftititl fw HtCf I 
fVHicaa (G,G. Simpion) act, Hitf tiicai 
odififfir ffff ^itPfi iffii Hcffi 
HCaf iWf ft^firjf cHfilfifM 

fffiH ifTfm ilf* HCif wl Htw t 
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^wt>r WWW wt^f w, 

ffir^ NtilirP «fi wt itfSt-fHirtt*! 

Cf<« nJHrtftai ?WT 
^ wrf^f¥ cwp{ «rtf^C¥i 

imii c¥ «tfifr¥i ctH 
n»¥rtf ¥t¥tf. «rt*>fe ^nnlp 

fw j m4t\ htWclif ¥<*rTti 

ftnri tni ¥n 4t^f cwf^f^rwtn<r¥ 

fJi^ ¥ir¥ fw I ¥t¥ c^fifww 
•nfw wRw ^%fFt»rc¥ 
fjf^Ui) tcn^J ¥11 fii ¥n¥¥i 
^if¥tiwi ¥tffciT ciiPrfiittni 
¥11 lOTCfll (D. Amadou) 

¥ir¥t¥ wtcn (1970) «r¥tf¥ fi<a[ ftfn 
cirfW¥f¥ ♦nf¥t ^rfft¥ anfi^ft ir*fc# 
¥tWtCT1 ¥tiC¥l I 

C46ftf¥¥ltCltI ^Wf 
^f5ri)c« fTwinHii ^nft* i f¥f 
fiwritu aftfifn ¥Cicf*r »•¥# ^^-rit¥ i 
¥cf¥ n' 1^1 «r¥ff%i 
wi* 1758 

1^tl¥ *f»rt^ll (Systema Naturae) 

4fCf 423515 irwtfii fim Cflf 1859 
lltl¥ aiNtPlW (L Agassiz) ¥ ¥¥ (Bronn) 
atWtril ¥^111 Cfl 1,29^70; ititf (E. 
Mayr, 1953) 331 <ttf3l(Wl ^lf<i irwtfll 
>B¥I1 Cf¥ 1.120.310 ¥15 fiw (W. 
Sicmon) ¥ ¥rHci¥ (A. Campbell) 1954 

incw 13l^ 

(FoMiUsed) €¥lf¥l ¥510 cwi 1021^501 

. 3. awtf^ ¥ «t%f ¥4 If ¥11 ¥¥tl 

¥'5tf«l ¥•<• fftRf ¥|31 ltC¥ I 

¥t^ ¥ ¥f¥t4l fC¥f Iff ¥¥lf¥ 


¥¥•1 fgftf ¥t¥ 1¥I ¥fli ¥^ 

•tl ¥t¥ ¥«¥ ¥CT ¥W5 ¥l%r¥ T|4¥ 
rflfftW ¥4C¥¥1 ¥¥ ftll! >?MH 

¥)W¥tC¥ ¥¥1 ¥H fN ^ff|¥. ¥rf|l- 
¥t%¥, itfffilf «rfl3i ¥ ¥ft» iiPrttrt 
¥tj¥ ¥ ^l¥tf¥C¥ f¥« ¥Cf ¥t^l 
fl¥f1 ¥it¥ ¥rRW ¥"¥C# •!¥ ¥t¥ 

¥11 ¥1¥¥1 fCl Iff I ftH ¥¥5l¥¥lfilt 
¥1<I fdf^l ¥r*5C¥ ¥4 c 1¥1 ¥«¥%¥ 
¥¥rf¥l ¥1^1 ¥¥¥ ¥t%C¥t Clltnjlfttl 
fill fCf in I ^irfllff¥ ¥¥¥1 ¥tltl3 
ajfli ^far tfff <rt%i ill ¥tl¥ 
nn' 1C¥1, ¥11 ItCH ¥tfni ¥ ¥¥Tl 
Ffti fnc# ¥tlff tfefl ¥CI IW I OfI 
in C¥tl ¥ffin«fa> hrntflf ¥tC¥t¥ltl 
nil’ 1C¥1 ¥11 fbfl Itcil ¥Cf ¥¥ 
f^l¥; ¥¥¥11^ ¥t*5l ¥tf¥ ¥ 
Nitffcf fl¥t ¥ti iw I ¥¥11 

Jplc# mfa ¥f¥ fin ll¥ ¥trift¥tl 

¥¥¥ nnti ¥Wcij ^f¥’¥r#f itmi 

¥f¥¥f¥ ¥flfl) flfn ¥t%l •rf^f fiDw 
¥ ¥tl ¥t^rcir c^flfllt¥^ ¥¥lt¥ %¥lf I 

¥tini¥: C¥tl fnc^ |f«l 

¥W ¥|¥C¥ ¥C¥If^ ¥5¥l¥ ¥5^ ¥t¥ 
mill ¥t^Cfl 

¥tl irtftfmf 141 fClfll ¥tl¥ fWv 
¥11 If, ¥11 «nj¥ ¥mt¥ 1C¥ llt¥l 
(Taxon) I fCltWl ¥^ «¥¥ ¥t¥ CHI 
¥11 C141. ¥f>1 ¥¥K¥ ftffit film. 
Pwticf c¥¥n, c¥¥m iiH^* iff^m 
Itltl. ¥lft¥ ¥t« 4¥ «lw ¥ff*1 
filf. ¥¥ HI ¥ff4¥¥Il¥ ¥fntl| ¥ 
ifcfi^V-^ 3^ nm fmm hi 
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(fVltlt. 1973 ] 


wt\ fi fft*lcti wn9t\ 

•frf f 11 

“rlcf rttc*. iTrt 'W 
itir» «wftfw ▼« fii c^t«t 

cwtn w *frti '• ^ t*tri 
« 4\tf ^tfCWl «tClt«^>i^1 cwti 

cn I Ftwi ¥wti wtf 

ljtniFi^i^tw‘^Pi’'««^lc5il8c¥ 
wiitf wiw cn^^» 

(Super cla*») (Sub- 

data), ani*t^cf aifatiit* '• ^ntntai 
^11 ^ti \* ^cnt*! « 4tpffa«H 
»t| CF, 4atF (WUi Fitir «1 fl 
tlfi«(tc< fa-Bttari wriTl i fVi 

f^l C^C* ^11 fl Wlf bW ^falu 
Wti) I fiu?hlt>I (1758) C¥a*wt!l itaT, 
«*t, m ■« «^sftf• A FtiFl5 
mr\ ¥itwi *\Z9 ^9 
*il 9 c»jm ^ >!»•» ^19 «t*r 

f war j r*ia)it^ ^ « ^Tutfif 

1*1 wxA ’PH IF ^ i m 9 

«r«tf^< fa^fll ¥WF aia< 1735 
iktW Ftlflll <I*(F apfltl <I»M 

fWF I nn f«iF)itcni ftiiti mw 
aitffF¥ fawtalwi awH fiF atvwi’a 

«rwtf% > 1 *^# ifiatam 

Fifwtv \C»rt aiftw ftaiatwi* HI 
fatm awc^F «ptf ^tPrcF w «n9 «twtf« 
fwatH ft«f. ftH¥t>l HtFCH <rt«I» 
«wtf« ’Ttf m fn Hfiaf»» fwcti 

5 349i cH% tmiR *r^tn hii w 
H ft (G. G. Simpson, 1^1) I 

6. HF Cf fifaVH 99 FTVtffl 
ftft^ FTW t^llft fttt^ F1I 


ftl l?|fPIlC"aWfttf HIW Fftf^FUl 

••aK ftsft axia», <»ff^C» fwfftSt €Wtf%- 

Cfl WFWl ftll ¥ TO FltF CHCf H^H 
FTWlftl •Pt TO I* -nt^f CFH 

9tn CW W TO ft^H TO »rF 
TO TO PiWtH FtFtHtf 

TO Hf FfF ’FtfaHn fll #f 

vlr TO Ftat#, '•itw^ (A. R. 

Wallace. 1823-1913) 

arati a^ata F¥t^i «Ha 9tin HMftF 

(T. H. Morgan. 1866-1945), Hfft (H. J. 
Muller, 1890-1967) arff« WWWt 
(J. G. Mendel, 1822-1884) TOft« 15*1’ 
ft^i Haiti atatfta hi ci, FtH ^tirt 
a'RF arwtfti wfMlftp TO I 
aratfa (Species) F-^C# 'Hi itlHtl 

nitHfta c^Hftfttm ftwrcai v* 
a^ata H?af «faf«if?l afaftftin^tH ftHtfl 
an fatli MH HwaatitiTOfaiTO- 
faftf Cl l^«f fa<H5 HWCHl. Ifttll- 
atw 4tH fWCHI 'll n^m ftlfT— 

*'nt«"nria ci^a sracat ini aaaai lati 
lentil iFW (at Hiti itw) '11^ aiti 
aifHT an^cii ica laca 'lai—a«*r 
Iff aft «Jt*li naftcaiw atatfa r cw— 
FI ntftatal aa naifai i atH an 
ni*ni ca)a aacai it«l waawiiatai^- 
•ftfca FFi I nat ifti)tni itftrata cicHf 
atwcTOi TOa !« ifca, aft atn 
it^an well itraatcai Ftf w^aftici 
iiai I ffi can fta itia artaw wito 
F ata R^ntfi air» ntti i ntftca ttf- 
ata ntfiattai FHHtft HtW afaihlft 

* P. A Moody (1962), lotrodiictiofi 
to Eaoluttoa 





^it«i ftwi *fi*nwf 
^^•{^ Wt9 m I 4^ 4 *ftf4Vt4 

f«f «iwtr«i ^«n4tcf ff| 

*icfr ( c^^^ 4t¥ ) 4¥ifi¥ flirtf^ 
’4tti I <f¥r^r« ’ftnrai'J: ^!5 f5« 4f¥tf«f 
*fwr ¥Tff5<. <4v. 4rc?f 

W »It<ft«1^: 4W«I HI HU' 

4tf« «lfl 4561 I 4t«1 4t4l 4 

CHt?1 4f| HCTfl 4t»I« 5ft 

0Htfl«l 4Ht4lH4T f«f HHtfscWa 4C4J 
iffitffHn'i •tKfj wj ¥ai »Ufi 'sca 
4t£H Htt^r 4f| CekntfHH •fftCHW 4tn ¥£« 
44<. 4¥^ 5*8 iTHtfn 

fllMl Htf® CW41 4fll 
444 jfiTHtfa 5fttf 

(Siblin j species) l 4^ ft«C4i Hta*! 
tHt4| 4tl f4 I 4f SfHlfil 

fvi fil <lt%l >|C4r« 4i4l I^ltfr*4l5 
4t<¥J W ¥«1 4tl I Cm4-“4tS!'« 4C4J 
6^41 41 f^CSt) 41 C4Cf 

affitff4*|4S 41<¥J 4?4tl1 r|4¥ ¥41 4t4 I 
4<Hf*r«tt4 4t4C¥« fn\f C4C¥ 4ff4tfr«- 
4^ 4t<C¥r« 4r4rt4J ^4f ¥41WI ffl 
C4CHK '• '*'** r^l^H H 4tf44l4 

ftnCH H4W 4lt4 ft^*15 HI 41, C4CH? 
411 fw I 4|t fft¥ 4tHC44 HCU 

C4 C¥t4 HPtf^a n?4 41 3^4 4Cf C4 C¥t4 
Wtfti 1JP4 41 iti r4Hpi W44’f4 4fHf4 
ft4*II HU 4ftft 44«r 4f44Htf« 4Hfel 

(Homo sapiens) 1 5f45lU 441 Hti, 

7. HtffsCH ¥%‘W4 (Odonata) 4C4r 
fni W H «rt¥-4H4 f444 

(Tandem flight) 4tt¥ HftH c^CHfftl 

^hMtfrtCl IJffH 

f44W 44it4 Hina «ff«n 

<H4l4tf ^1 


arwtfa f4<ni iR4iri 

frai I* 444 cft4 arwtf^i 

«•¥ 44f44t^t HHt’Cf (Local 

population) ^ <r4tf« 4||r 
4|f44t4^ 44t C4C4 MW ^ MWtfiW 
HfHtWT ^44 ¥41 4tf 444 fu Wt*^W 
I4f44t^ 44ftcf WWt <rwtf«t fWt f«l 
ftnwf# 441 HU ft*f«tlf»C4 4rc4¥ 
444 C%4lf4f ¥ff¥a 441 HI I *»- 
CWCW r«I sfWtPsi C*ft4¥(Host) 
Hl4 4f C«\c4tf4f ^4r£44tf ftniTHtf® C441 
C411 4tHC4I *rftr«C¥ £414 ftn^WlflCH 
^14 441 HI 41 l* •plHrf Wtr¥44“4f 
44ll:f 441 HI ’ll r C4t4 C¥t4 
441 4:4H nttfiCHI 4f4isH ¥11141 

W 411 4111 ¥44 hPiIhH lUlCIlH 

wct'Jl 

41CH nc4 fllff 4CI4 I aiHf nilC4 

•ifini 4^kim ¥C4 c4t«, H 

C¥ft 1 nc4f 4^«! Hit 4lf I 441 

4fH4f atf^irflFI ¥C4 MtfrsCM Cf4«14tl 

nffiStH 4c*—4^, cnn. 4<, 
C4ift 41 nd* nzlf 411 afitfn 

ft*ltf *14¥lftl SUflft ¥lC4fl 5[f4ltl< 
f4«l4tt4« ¥«4t«H« I 

8. ¥4441 l4f¥f 11 ¥44 f¥»lW ¥ffl 
HI, ¥1 ¥t4l 4tl f41 ¥C4 «Hft ¥¥4tl 
¥fftf ¥lftl C¥C4 4H 1 ftlfilf CTlftCff 
«1ftf¥ f4<CI« fin ¥4t4l ¥¥411 

WITH I ¥44r«fl¥ ¥^«t4 ^ifi^tlHl ¥ft4tl 
wtw wciwwMfimt^ *r^*l 

fiOlH ¥tHC¥4» ¥f4tf ¥C4¥¥4 
aiwtflf H4W1 ¥lf 

HtHtHf 4HCT1 ¥41 4Wtf4 I 

9) H1^4rf4t4t«C4l4r¥ffW¥C4¥ftt 
4rtfll¥ (Race) wtn wmv( I 





^fs?m fffil <af^- 

¥11 w >ltf<lCi» ¥ffw 

¥ni «ftfi%rt *nfi« «w 

^Tf%aw ¥11 «n*lm w? 

«ar^tini wrs ci ¥¥i 

•!¥«r«fi!i¥ asp5fi«ti’ti m ii, 

¥ti I niitu it¥it¥ ¥ ¥li¥T(ati 

f^fin Cl cafif^^tn fii ff» iw 

catRft’stn 

9¥i Clan fi in «it*lcn ntiMfif 

€rtifi¥ wtr«i 111 dll—ci5i 

os^i nt¥ nt^t. ¥% flffii 

1151 csi^ci ir? it¥i. 

¥161 11 ftfl, 

Iff 1 «tt%di Iriffn. 

^fff¥ lii, ¥intit iti?, 

ir?l ¥ fsfs («¥ II ! fll ^ifi" 

^ C¥flfl«ftH ¥C1 itCWfl -fll ¥t«lfl¥ 
Wi%f rif¥f II ! «t%»« <rtf f«¥ •tfil 
f^fsil fl ICl 4¥tl Caffifl¥tlC¥ 

ICI ffai (Artificial classi¬ 
fication) I n^tlCl Cl ¥W 

<n¥f^¥ ■ffitii ¥titi ntaii 
111, ¥m 111 «f¥f¥¥ 

(Natural classification) I ¥t^f5i¥ 

nifi ¥iiM ¥si 

m*® > nif» ¥¥itit cJiPifim iin 

¥C1 ItlTd Cin, ¥tl •¥tl* 

|t«1Tl UlltCl f%l (%« ^it¥Cll ¥1^ 

<at%cii Cl 4c>rcff, ¥lt*i iw 

10. frsJ^lW <1C1¥ HI ■Mini 
»foi oafifi^ri mf# wm wfitii 
(G. G. Simpioa, 1061) I 


cfl;^ «l(bff%itfi¥ 75^* 

¥tl C1C¥ ¥ C¥t3lH 

^tft 11, cil^ici wn Itft «tClt¥ll 

^fi¥ hfilrc^ fi«* 

fif^^td icitu» 

(¥) (Homology) s ¥f 

cm ^lafsi Th «trf^fcii mi 
¥t«ri ikii i^mni Cl ¥¥¥ ^icfi 
> ¥i’ii cm in, ^tcif ici iwitf I 

ciHi—itif, i«mi ¥ itifcii ii¥ « ni I 

<•«« <?tC¥lC¥l 1C¥ '«C¥IC¥l 

¥!« ¥ sst^if^itrif icn mi •«¥ 

rpM '«¥il fii I 

(1) CltCltfltll (Homoplasy): f¥f (%1 

«J|Rl^Cll ^ifll ill ¥ ¥t9f»l ( 

Itfll ¥ff ClCf lutfiftltci 

!ij •rr«ii) iij-ttiifn ici citciiari^ i 
llt^ifllKl, lltlftf^l, ¥Wfl. lllfl 
Clldfatl^fl ¥^5 I 
(1) lltHtm (Parallelism) * ««¥ 

^«rrif li^rsfll ¥111 
ifl^l SllflfCH ^Cf 1 lien 

if-iMin it?!i¥:d tiiciiciiiliifiii I 
ICI Htllfll dll—wf^ 

¥tcir«m lft¥ « ¥lf¥f1« nft¥l 
iilich fn dn iti, ¥til 9-¥Cnt * 1 ^- 
%7n { n»i¥ 11 <*11 'If ill) fw ¥f I 
mi iitifli ^ifiiiofit nfi-fN icirt 

¥»l)l«1d I 

]1- -fitflfsitl *4¥ (Com¬ 

mon ancestor) l*m =s3|tlf¥|tfl¥ iCH 
Cl fK^Cll ¥C1 ¥ftRf 4?arf*l 

¥lfim 1«1 IWi, ¥tCf dfltl I CHI— 
l?l¥*ft¥ ¥lfll 11^ ¥ 
Vintll ^Cll T 51 ?M 111 |1 I 





(2) (Convergence) : 

^^1?R WC¥ tfl, fAVIM Cft*» ^V^tt 
(cw ftit^jm. «ffi) ncf 

^t*r <fr«feti fsf%c« 

Eiffel vc«l 

vc*i 

»tJI?rP«lt« CTf If « Jltvtlt cawi^a 
^tf f«g CAt] ^tl I ^ >fiy» I 

wtf I'sci^ 

t%w fn ciiv mm \ 

(3) ^tfiMimicty) : f^tf «^^- 
W c^cf t«i f&i sftfn^cn «*f- 
>rH»cf wNi *fCTi* fn vw[«i- 


(4) >!ntl (An«U)gy)t 
‘^4*pw cfcf fc|» arrf'i’^w 

W1 { f^WJI CVt4 ffCfl WW) 
»»tl*rtwfrc¥ Am nt^ f 

wt^iii ^’inl '•f^i vrt«ff 
^Rvts mm Ufi mm mim 

ff tsi t,A% I 

»riitwnn'« ^ffa i i ti 
^^(l,2^<fw) 

«it%cin ^rff¥ «}fti 

>!Cf *i4tnmtf mr* 





'•<^sr’9fV7a?1%(y 


ic^ Ji-.* 


m fiar—ijijrvfsi^l m w^ji 

f, »r, 5, f -a f «mtf« I f. It 'e f| «▼ *55rt»^ c4if 

iciw mAK i, 1, f uti mA% mm ftfi fcini i n-«ii nm 

m m 4-«i fim vrm i mm »-<•! fw 

«»taE I m-mA fSrervf vitci (ft. f¥^*fCTf ‘Principle* 
of Animal Taxonomy* mm ) I 

ftilif 4 ct wti\ (Mimic )'o ^ fW mn mm ’jff mm mn 

itf•! fii Am wtw’f 41 4rw «ntf4 w fim sn i tfi wflipittf 

(Model) I m% nift aitfrwti mv§ wwitw m mv^% mm w 

fii 4jtw4ffi cmm mm m m «t^4hi ’Wtn'N laNnf aiwf 
wt^^4ti4itw4tcft'4^cfwflli mm fnwi 
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ervti f«nf ^ !pfv wt*iitfNtf Wf?f < fii) « *rtftf 1 

ftci c«frfi fiiwt i^ii ww '• 

nTff*i nin <m fii fi. wft^ ^*1 c^Mt ftni ^• 


ijk -« Jf Q 




t 

¥, «r, If ^ 5ti^ 0»tri I f*f *rwtf»c« fkn I 

•iH f3» wri ¥Cf« i 

ffl ^tWit«l Sft I CfUJT c»iw >• ^im 0»¥lf M (Thyhcinui) 

n^tni nttfi «ric^i ftf fVci r«5ff ’fwi ct 4rwtr«i ^tff%t 

fIW fl6^ ff 1 W C*ffC? ^1 (Canii) l|t51 




3ai^ CTft? 


^HWi (CTl^H fw ^£lf I iftlutft^tir #tff5w 

iMtcn ) trtnttl >wtnwti w»*nlV orti wtitfnitftii (Miftu- 

tvtiimmic>im p»J») ^n€9 m fFtfi>r 






<Eutb«ria) fc^fil I fwi 

f«i cHtw ^|» <n« ^twt^jtn- 

cff •«twi fii»i «itn I cn^ 

^ tir<i ^fi, 

c»ic«« <«l »Ttf«sttV 

(Ailurus) (4^\ fw) *fc*rf ^rwffw 

•ffiCTcn <rr»f-<rt«it4ti «ff ifaRai 


¥111 iltffi¥¥tC¥ ¥¥Ci|| ¥Cfl, 

Ififl (Life) C¥t¥ ¥ttll ¥Cf 

¥¥•1 ¥ fOtl ¥|f|ffjfiN| 

iffjw I i¥i 

fl-(l) ¥ 15 t i?lff¥ «f¥tf«»r!![ ^4tc¥f 

r*! l¥Cl« <r¥tr« C1C¥ iff fCK¥, 

( 2 ) *rwtf¥I 11 Its?! 

>ititciT 41 ^ > it¥ iti ¥f»i:¥, ( 3 ) 

lit Itf, ¥|51 eJitfww 


'""'y Tr - 





4i«i fei—iti *{131 


cm cncii n4wi fii fici «rgi fi*i 

irtci I ¥t^ ¥C1« fef rm 

fi*!ni w n I 

erttnilcn «titi Sifiir i 
«rc¥jfii wf» nf «¥tf¥ citf iiinw 
•fii I irfftiiTOi iifiir ¥ fit*! •ffttfCH 
«fl^l (AJaptdtion) l^c¥ 

»rcwti *fic¥n fiitti ¥ti¥ ii 
^ffl¥ lil ftwtl (Anatomy) « c^f*!- 
(Taxonomy) ¥lfll I 

¥tltl^4pr^¥ hfl¥ ijil-fiaitl 

¥ C¥ftfl»t’T-ft«itlt¥ f«f¥ ¥CI 1511 
H ¥t5fl¥ I l^ltl 

¥11 «r¥t(¥i 
f¥f¥ ¥11 ¥nil 


Itu 1¥ Cl^ cm Itl, ¥¥lc¥ ¥¥ 

ci^ fii It, (4) ¥icsn tfriFin 

5C1CH fin^wi itiKi itiji «itfii 
11 <2fTifs¥ fi^tscii (Natural 
selection) itltW | «tt%fl Clfl- 

filtW Itl fl<Cl ¥rsijf¥«i1Cll ItltlJ 
mi ¥^1I I ¥tt ¥t>(fl¥ 
c4tifi¥m¥ ¥f»ir%im« ^titi fiitci 
111 n i 

¥t¥¥icm «srcittiri?tv«i 

Itl ifl R¥ Itl ¥11 •!¥¥ §01 Itl 
IClflCTl fl^lttn lt¥ Clfiflltl (J. C. 
Fabtecius)! lHVlllt ltl¥lWl «lftl 
^C¥¥ I ff ¥ fill fllTl ¥1CT «C¥J¥ 
«rt%l ¥¥^ ^¥¥ Itl lt¥l %ff¥ I f¥¥ 

ltltl1¥8 <m Itl, ¥¥-¥¥ll «1(ff1^1 




cvvim,1973l 1<» 


I vtit^ -tfrwf «ri%- 
fwf ^ ^tnn c^, 

ff<»itf cf 4rff^«irp *wf^* ft«! Ivi#tc» 
wti¥ ^ *»ytwprwrt’ oin 

•tnHt •Wi ^c»i •<>tc^*i ^fr»tcw 
’iw *(St^]\ «tc¥ 

fC«! 

▼t# (Pferd) I wwtl •llt^Jl, 

57t<, *• Ftifly 

5tlfe 4fwtf« 'fliw« ^tfW 

#«rtf W1 m Snak«beaded fish !• 

^tf, 

w«f«ji wcnv. sir^f4iiti j 

trcf f%wt4^i1 
s?t^ I oil 

sTS¥ii ▼Bi ff •5;?iti, >rt<ftm: 

'e -f? csfcv 
^Wf -iw xrflScsii SI fcifstii 
r<wt^cfi <«fl(sv ^sTsU ^ssi 

•ijttes vrsti SI st’fw® c#ts si*^r<si 

»1 SI I SFtSI 1CVI s»sf CStf«tSJ If«f1 
«<ff8 Sts 4}5ftl f «ltl cs^ 
«cims\f I ^fsfwl stsf «i 

^«iti ^ ^csfs >rt<v f nci i 

i>f%i « utijifSF m 
sts ft *Tf f^cs <rti (sfcsa- 
sts <• «ftRis sts) ff ( iri-sts *r<ftrs« 
cnttl « ^»tW ^f!f« W iitf^CH 
nfimf 4m af*ff^ ^fw 4fftf«f 
fswsr ^sf^rdn nfirstifi f^sta ftir 


• s«cs*«its[ (1318) <ffrltft»n 

cafl) Rwtn 4 sts^irff stf« i flwta 


tfjsOn stsw «wtcv ff*fT wtfwi** 

(Binomial nomenclature) SCSI I 

cDt^. siTtfii^s «f*i 4 arftRii 
▼SI scufscssi SttffS (K. Bauhin, 
1560-1624) sM « ^ 

fsits ▼rifscss \ ▼ttl SCI fss? stsfici 
sfssfasf ft I V (J. Jung, 1587-1657) 
arsfi* tficfi ^tfsstri cs^ fssw 
stsfsi csS{ stf—itri stss ssit %s«b 

* « fs Dst f^CSSI filS I SI ws Cf 
▼SI (J. P. Tournefort, 1656- 

1708) ejff* > SS SfnsS f CSS I ftsf^StS 
alt ssf«s tsftfi^l fCS f^rs'8'stcs %\ 
sif SS5 f scis I fssVitcss sss^ fswf^tsi 
(fscssis 1800 forest SS) sss>sif)i 
W5SS5 f ic^ srtisr sets, 'sts stsi sssci 
^si cntscsts cfsi css I sff« fss^tPt 
s csfarssrn fscwcfs stess sifsstc< 
Si nvnm scs bsc-is, ffi m 
'StiSitfas SI sssts «c^rf ftss 
ast s«s sisFsss sic^s I atfsn cscsi- 
fsicss f^[ss scs stsi ewess SCSI ^smtfsf 
stsfsA, si SfHis ntfts-eists ss s«its 
«tstf«s asifsf sitsifiis Sts csst css I 
▼cs af sts ss^ts st fi a sscs 
fsfs? srtisfrf^f sen ssts csts fcisi 
stssicss cstscsts a scss nats ifJlficsi 
wcf 1342 tires tts simstl5rnss si fl 

li. «f» ssf ff| s^sja afsfft 
nifssts t«tf sfes stesf s^ssi atw 
sttcff liiscsi ansri «cftss ft i acs 
Sicsa eiftfa. St a sicsf tw stttfs 
Ijtwcsi sts scs ttti ftcsfwcff sea 
▼Us fct scacf I atl aciass fkmtfl 
stsficsf sfs «si titscsf ati fftt 
aicaswisi 
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1877 tkrpf 
wftc^tfSfCTnJi wi Vf 

1881 tktc*? ipn^i 
c^ctn cwtwtf5f¥ « i^f»rf 1894 

1^ »ijfc-i^ wtfnr-rc*rtv 

■rt^t «rff% « ^ftw cHiw 

fticii sirtwri ^ «#H wr 
trrinrf 1889 crtfiftw 

^ft^i 0nn wfnw«f€*r f^frr® W9V^ 
(R. Blanchard) ff*l? i»fn-. 
¥M «r^i mi9 I? v« «rtin 

I 1892 lift’t 

I wfn 

>!f»i cfcn ^ cft*r 5*it«ii 

sni ▼W 1395 ^5^1 «lf4c^"tcar 

^CfC» »|^tl 
«fij| ¥11 111 ^ 1898 5|itC¥ 11J< 

¥tcn w¥fii cn-r ¥t«!T i 
1901 Hk9 llt>T¥tl •ItH «Sr 

«t%CH 5»fl¥11 »|¥C¥ ¥¥lt« 

«lt¥#lf«¥ *131 ^fV fit nci 

^ vai >i^¥ti mill ^C5 ffi 
C1¥I1 fl¥l I 

( 1 ) ¥rft 5 | ltC¥J« lptft¥ ¥ ^<1 
>i|(:ii riwn>i¥if iti¥i5 iwtt¥ «rtW- 
fiwtl «ltl¥11 lf|l 111 ¥| 4ir* 
ciftw, *14 ¥ «r¥tfi nitfii ¥ti¥ii Wf 

CWII ¥ftlR[¥, W¥t¥fri¥ ¥ W 
<rt%i Pii'fi *i¥4i ^cw 

C¥tl Vltircn ¥tl¥11 ¥t lir« 4fl|'¥ I 

(2) ¥rr%Cfl ltl¥«c-ff ¥t¥ *fRf1l 

¥rt fn* c¥ti cit; 

*1W Cl C¥tl till Itl ¥ «l%i Itl 
¥¥ IW ^4 ( ¥C1 n Itll Itfltl ) I 

f^c^it nffti fil 


C20iiiiatani}t 

aflffcil (1758) ^ IWfW C¥tl ¥tl 
¥«¥ fCl HI fH 17M ^rf ¥f4lfll 
»rf ¥ti| iiff iti f 

^ (4) srirfqii 8ncif *r¥n^jtwwi¥¥ 

11 Itl IW I 

(5) «wf%l ftn ¥14 tl«firtf¥l 
fill Itl ftl I 

(6) iti 3T1W •Olii ^iti 
ftic¥ in mn\ ¥» wfiftf Htini 
1 ¥ ¥C 1 flll¥ in I 

(7) Clfl. Itl. *f1 Ittlf WH ( ¥f- 

¥t«t¥ iiifi) m I 

(8) *ri Itl ¥f ft«¥ ¥¥fW in I 

(9) 4tltf«ltl W II C^fHf 1¥ 
(irifm: *ri itni ) in i 

(10) *M iti ¥ ^mrfii iti ¥¥ i«i} 
11 1 nil—¥K11 itcif Itl ¥t*.*l< 

¥r*>*n (Catia catla) I 

(11) ¥fi-ri ¥ ^cai itit ?l¥¥ ¥imi 
^ini 'sntfii lilt ^irwcii Ht»w iti 
fiitn in I > i1f¥i¥ ic¥HH- 
fl¥tl itf¥ (Law of Priority) I 

( 12 ) c¥m itni miti so m 

5H¥ ¥«tfl¥tl l1l¥ Iflt m H (¥1 
wcw ¥fi*tm ¥iif« «rcf t¥i wrci) i 

(13) HlTtlt5¥ 1¥ ¥¥W H ¥«C¥ 
in, ¥4lTtl H I 

(14) Clfl Itl ¥ *rt Itcil «tll ITf« 
i¥ itc«i m# «rwtf¥f itm w 
¥¥1 Cltfe ltl¥f m I 

(15) c*rtf¥i iti¥im ¥n Cl iw 
fifli ¥11 citni Rm «tii «f¥tPt¥ 11* 
cil ini cin *—(—IOaE) mi 
¥«r¥ m 1 ticltcif (Sab&mfly) 
ififini m Cl *wc¥ ¥11 ti 
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»73 J <tttRwwrt 


c«ftin ftm «Wf tfffti <f »ti dn 
(—INAE) CTtif ¥it« fd ('ilft- 

cirttw w ‘—’•Ifwi’ (— 01 - 

DEA) CfT^ Wt i ni-Libe- 

llula ; t*fdM-LibclluIinae^ dtl- 

Libellulidae, 'nfit^tm-Libelluloidea 1 

(16) CT ^ C¥t5| 

^iiTOi (ixvt 3i M 4< ^<rri 

aim) 

wKv^t ^nfi 

*ca 1 «5M«^ « tew 

(Code) 3f ^ 4< Wtl>-ttt f Wl 
«fl¥ti I 

(17) f»i dtt ^1 ’tl *0 

iS^tstwtfw <«¥ ft! 

nc^, 'sw rt J»tsi5 nti trscf «fcar 
(Homonym ) »I*fJ »Cfl 5lt#5 

at’T ^ 3i}*i f^r£« ica I 

(18) %fs dteas* ats ^11 

(19) tls ’Itn* am f ca ai I 

(20) «it *ieii ?il6 41 am 

»ta ai I 

fertwcai afta* ntd aflPmracn ata 
cm fii caaa, faa^im ^laintMlW 
ata ttia aitat>t. tflftftw (Anas platyr- 
hyncos), aitfaitlint xa ata ata aitam 
trt|8flf»f faiallff (Anas platythyncoa 
Linnafus)! 4ll»tca ta, c»fta Cffw 
attai •ttt'a aatfaftatti ata caai fii 
facial atji^f (1758) awi -tfttfin 
^tfaatit ftatta faaVitad an a 1 \ 
attfafaw t 

atatar marrr tn ttni natti 4tfi 

ama (Italics) 4fM Wl ff I 

e 


m«tmt attai atittat 41 afttfw 
atw aittit iitfatu aftiat catti 
atii 4| fat ffti mfti tita cam 
cfta aai attai •tRa^cai «rtitaa caai 
am caaa—ftatfta (1738) ata, fa^a, 
ftatata a fattatt 4tl5 atai (cffta 
(Fclis)} ^w(w ttia I, #ti aattatci 
ata, fa^i a fiatatcai ata ai cafaa 

(Felis tigtis), Ctfaa (aa (Ftflis 
leo) a cafaa at^'n (Felis pardus) I aci 
at^aitf 4tata n—ata. fa^i « fNtata 
fa’^ttai aiaa (cafaa) laiti 

ai I atl finta^il caafatt afa 
•alls na aitlfltl (Panthera) apTflt 
itaa I a'tatca atai ata itici nittiai 
^tSfira, nmi«i fa« •a’*^ nitcisi 
at^'ai «{aa =«<HtitA fiatta fa^titcai 
ata staifsa atcaa atd atita, fii cacif 
fefa It f^afSti fei leaf ni'i'v icia 
fa (^it^fai aittatil). ^ti ata 
«taa aia)« acHt call sta, aai Panthera 
tiijrij (Linnaeus) I -wcai aai cat», a< 

ata 8 afaar*! aa 1 

• 

atam*mtca crt^cai ctfifaftiai cita 
ntitir-f^iit ca^ ata ata lai wan 
tf^fii c«ifafa-BfM « atantn wm 
atfcn 1 nfalitift «rtfifta« 

^atvna •aa^ «raa atai nmitfft 1 
faiti fcai aataa ajaii iti aia ititi t 
tftflllia ai anttatftfaa (Anopheles) 
aai atttafsit if ti at at aa atn faan at 1 
ait%cn atatiia ^ 1 % adc# aafa 
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wn ^ cf«ti ^•ifiii 

4eii^i jRtwi-i >!f^ tcmi ^tit^t'e 

«rTftf^wti "Iff! #tcwi ^f4«frc<« 

^tni c^w—^fw 

^icw sfci «t%t8c^ 

sfi cnti ^M5? «c»j| 

«r¥H frisf, w »Jt^ « 

^tl tlltf^si C® f^ltl (G. K. De Beer) 
(1950) ***The neglect of taxono¬ 
mic studies M now realised as a defect 
which it is in the training of biologists, 
even if because biologists in other 
branches of the sciences of zoology 


and botany mutt know the idemtity of 
the material on which they are 
working.” W» W 

ca{fif^airc>ri ^n«i ®ic«t cwfi fti c«lfV 
'I’l® <nfir<®n c^wi 
*itt 0. S. Hualey) 

(1940) 

"Today,..systematics hat become 

one of the focal pointi of biology. 
Here we can check our theories 
concerning selection and gene-^spread 
against concrete instances, find material 
for innumerable experiments, build up 
new induction: the world is our labora¬ 
tory, evolution itself our guineapig.*' 


Jrtf 'f fyyil 

»rri>«'«ct^ara»i«* 


^rtSFf3'!5-Wt»'P»t 

yl cAMP (cyclic AJenccine 

3'' t 5''-inonophosphatc) ulffe 

I Wtftftl® «t! 

■uHtw wwcv 1971 «tcy*i t«®n 
cifwii fi I wH^ ntin •ayy 

cil)i <11*^1 f^r®! wtlfttin, 

fain f«iU sitylwitwi «tin «t%i 

•ftCTl etc® ®C 11 % t#! *!t f#|lf 

cAMP fy Wl ®i« f 


(Adenyl cyclase) s»ttf 
wrtfkcytPfy Sriwtcwfe ti jftewet ATP-c® 
C914 cAMP ^®f« wri I ifiw 
«aH^tClW (Phosphodiesterase) atCt 

cAMP-C® C®C« 5-WFtf®C®l- 
tCtlftC®?^ (5<-AMP) nfll® ®W I 
?(®in C?t1 ftC^. C®ttf cAMP-1 

Uy ®fy^c®« tni ®fc®— 

cAMP ®««y® iw® 

®yy cAMP f^t«f® ^®y Wf^® 
®»ij:®tii^®^tdW I 

a €rt 1 -ltti® fmt, ®fi!®t ®1 
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ATP-- cAM 

ftm 

^tiopi or, cAMP ff(Second 
messenier) in tci«H tl 

(Hormone) H (First 

messenger) itwvfl 111 Cf 1; 'l4H 
%ti*i wfi Jii in 

cAMP-11 itun itw m itn i 
litl'i If citi it^i itc*i cftn 
frffi uffi's. cw—c AMP'ii ffiiii itw, 
iftrcfi c^ifar c amp- 41 ^fiit ml 
Iwimrir t n itn iwi— 

(I) Cl ^11 ini^ift ATP c«n 
cAMP ilft m, ifllCltCl iTfCKl 

lf»l, ^111 ifllftll itci I 

^2) iTllfl t9M miffs 

iiifiti «tci ltd illicit^ 
(111 ffm erfititi ntin uliticltcfitci 
(Synaptesome) cfS| •ftlll (Ilf I ifll 
Cllf, l%tll ^(fiClUT ^Clll lllf^l 
> ItCl I 

(3) ll^Cl iffllt^t’^ 
Infii in itai ctcf, il5 ifiiitni 
i<nTi m ifitm •ffiim cAMP-i 
^ mifir f fill nfti I 

(4) 4ft*li fffiw it«wm m cA- 
mp- 41 srn# irtn I 

(5) fff^ ff*rti-4it^^n cAMP 
mill m I 

«•! «ltl if^lf cAMP mfii 
fsf^ itii^ riiiTOi mwtsii HI 
mi ’ititm itm, ^ti«tw 

it^l cAMP-ll fflltl 

ntificmi 


5'-AMP. 

ifroi eAMP-41 ifftlW 

ffffi ni^tpi cw wtit cin «?fi- 

ciifi iitf mw ▼•w HP- 

itiiini ^11 citi*!«rilci cAMP, 
Htfiitli itlrjFi 11^ iiiitiil'i’ltnW' 
4« lf£5Cf llll I WtfCltlCl 

^oprt in 'itii iTit cici (1, *Tt^it*nli- 

Cltl (Synaptoso-nc) itll HW (11 
ewtii: il\Ci1l lllifcni Hlfim) 
cAMP, itlrsFi 

i»ltni infill ifiitci itci i 

HtfHtll lllcjFl 41^ llCltltll’^tni 
^•1 nfili ifef itvnti >> Hci iitm 
n*6i 111 «ii fftici itn itlit*reli- 
citci cAMP nH itii im fiwiii 
5«i mill iiiit®il4'%tncif ifiiti 
1 ifiiii fi in n*ll itinr ntn 
nil Hlftlll*! 111 fillip 

(MemV'tane-bound) Hltf Ittl, HI 
itlcltitm 1^ ’Hit! 
iin. ic*i cAMP ciim i»iiifi» It, 
cum ^ Tsfwri *ttn hi hii 

cAMp m 111 111 in?ititl- 

4»ltc«in ItltlH cm Ilf I 

c^tci cAMP-l *iriilf*til^ 

Itnilltl 

CitCl cAMP'i ifiltl Itfl-Iltl 
itti Hwi fi’s *111* I 
itIliFCii if#!®! fmi ifiiH itffCi 
cAMr-«i tintii listen cm ntiii 

cAMP-f 

iliiti ii?iiil cm ntni itH CTO 



lod titx 

(Catecbolamine) ift^f 
cntfsiti (jpfitli 
(NaF) «r^r« ^rrlrjFcwi 

C®tl^ cAMP-« •tfluM ¥W I 
Of<fl C^ICf, fircitTr^fi|Sf (Thcophr 

nine), fa«ttt»ic®r*?f5(*r (MethyUanthine) 

(Imipramine), (Nortrypty- 

line), (Amitryptylinc) 

«ffr« ^¥<1 w^»f{8c¥ 

faiftFi ¥r« c¥r« cAMP 5 nf^ti 
•rtti I A ¥rc*if *iw *it«f»r¥ 

ii^¥ac«i •ifflJitci iJ’iis* vf I 

(Prostaglandin) 

flWsfH¥ aiHt5 C¥t^ C¥N C¥tt»l cAMP-I 
xrr^tl ^(^4 cm 

cnm <¥1inH3|C«l ¥[tfft¥ «■»?»(«rfitfssr 
c=?i am* ^f?r« ff^rca «f>fr(jrftarsa 
®f¥ ¥f«, m f¥|^ ^t^Tl ^ff fa I 

TO ffira ^cw ¥Otf«»rt^*i »ft^w 
f^tCT 

aw ifia at® r¥¥tca a?i(f®3|t^i( 

ntlw® ^¥a Ufa sf’c¥, 

rnfaficaa iff ¥« caai 
wricii ff aid* ncf » Nra aisfu^fs ¥fa¥ 
¥tar ¥c«» ¥tai afa P, 
fai wtai caca ca, af«C¥ aiafn- 
»t¥ricai (NE) nfaam* af¥f nca 
¥mf«atl*i atlwcwa aif^i 

I 

ntatia®: waf^a veal afiata 
nKmw vfia’N faciaf ?ara 

an¥, ffl «tfC¥ (Pineal gland) 

amlwit® 


I ftro C 26»a a^ ^ van 

ailcjrcaiaf#!!! TOf ca^^itcar caTO 
arfir fara ca% to fwni i «iaa 
caai ar¥, *frlfaca¥ arfac* ¥rTfflwTla 
artcirt fV®tca aii toi *ff3o 
faa ’fscia art facia «laa «ntf¥- 
arta artcwcart nfviit *nfiafiii ate®» 
mv9 aafaa n« lf|cw nt^facita NE 

atfi ac?« «(Tff«arta artcjrt ^•a 
^aailfRl nffi area ai aacal sc®. 
f¥f 16 rta aia atlfacica «iiff«' 
arta artcTOsaffisi NE-ai Hafafic* 
afaf«*i 'TOt cac¥ «fri ai cac? ati* 
TOai ata* sfti ail w atc¥ i aatca 
^caacarar, NaF-Jia ^nfifsc® ‘«¥faa 
aia ^ 5 caa artfacica* aif^atla at?c»f 
acai aftfi area aa^ 50 faa atf^Kii 
artwa atuaa aaati *ft*aa 
af#i atc¥ I aca tea NaF f*«ci ailai 
¥iata ^caa fa ac« afci, atn NaP 
ClCfl atatai ait< ai l Tissue slice 
ajaiia aca call caci, NE Tissue slice-* 
acafii anfsHita arlcTO* af»iii 

if^lcaa ar^catcaa ^itf®attfa artaFtlaca 
^cifai aaca area ai i al nl\¥i caca 
!i® faatca ’aiai caca aica i 

(i> aiai «aa faca cAMP afa® 
ai ai, fia •iitfiiarta arte# a 

atca, ataa NaF-*a ^nfafac^ ^aa at- 
a^aSf ar#i=*ti afaw cacai NE-*i 
*afaf¥c« ffi •> aai ajtRiarta affercaa 
afiFiTO •fftii ^¥11 ati at i 

(2) NE-a* act TO atra w 

•mta (Receptor) loi^arta artarew 

«raa faca atca ai, faa aia |fn aca 
art ^aai atca, aca aitfa- 
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**« 

NE*4f iN^PsClf «IVH ^1 NE 41 
tfcii nttfrif*! >jtlt3rcif 

w ffw m. ffi nu itU »i. 
fr«i nilfjiciw »« 

Cf^ CtCf NE-41 4rTtfW3»tt«l 

*ITttFW >!fiFri1 «C#I '(Tc»l 

44trai m 4tcitw4 cw, f»rf3tf^ir fSici ¥t4 

iw fc«n mu* 

«rfil*f<8 4tt¥ 1 4W1 1 

dftifjJ «{4^ c4t#l 4tc41 ticii 

w sit<fl5 c^c<F 

11, NE-4« 

*ItlW41 >|f#l-»1 W #11 

itii ^iiTi nf^ii ctic*i 

#icti itti« If# #ififii nttii ini 

II# It# If I 

5tH5i|CTl TOP cAMPsHI 

ifk# cAMP-1 #fi#ttni #1? 
it#5#c#i f# #*^#—1# #"nc# 'll## #t4 
IfMW 111 Ciftl ( 4t#f #«1#fl cAMP 
ijffti #1 #11 iifi#Kn c#w 
cAMP iniii #11 If, #tif cAMP 
c#%t« «rti# #it#t« #»i?’'Pt«!l4^iti# 
&•# Jititcv cw in, f#i 

•rtfl^tlfl# CAMP #tcf #1 I 

Paul #tf >rf#5tii cifftici# If, 

^fjtiiii%tff fti cAmp- 41 nfiiH 

ci% ititi #tif, r#« 

41# ai^tfi ^ cAMP-41 

#1 #tt#l Abdulla 41 \ Hamida «if 
26 4# if^tl •lll’W StfrCl ^tff 
^ cAMP- 41 #tflft*lf #t# W#f 
•twill ##l %tl(l #1111# I 4# 


A#!, m 

Cf#tt#l fClCl Cl, ####ft C#1W, Cl##— 

L'dopa, MAO'inhibieorB, amphetamioe, 
ph«aobacbital 41^ chlorpromaxine #fvf# 
I fill lt#C# cAMP- 41 #fiit1 #fil6# 
#il« ltd I 4fi%i 5t#i#l#l #t# cAMP- 
41 Cl >rt#, #1 fif#l #tci#1#f#I# fi#l- 
'«fti •tlitc#t6#l #11# #lt#l Cit#1 
ifcii 4| initn «rii##: vi#i #t# 

itiif I 4#i# n icif #tfUif if#c# 

cAMP Utift cfcifl #11 Cirilllf# Cl, 
crt^l ItlB#!#! #t# cAMP-41 #*^4 
miff 4ni 4#i# 4t^i fif#! wti 
?c<i fiificAMP-ai •ffiiTi Clin #rfifi 
#Hm cl. c AM P-41 •tfllM 11#1-#lfl 
#tf 2fl*ll 1«|C« 4#Jl #"n# 4fCl 1 

#) ifil# cAMP 4C1I#—cAMP 
Cl fif«l ^8;### 1C#1 it^tufc# c?l* 
C#1C1 #t# #11, #1 4IIlt 9c#t #«t 
lilt# I 4ti# st#^ici #1 #t#i cn# if«c# 

cAMP 4111# #(i I lateral ventricles, 
ventromedial bypotbalamus, mesence¬ 
phalic reticular formation 4ff)# 
*if#C#i f-tf#l fic# If# 25^g nfllll 
#|1ffit8liri# cAMP 4Cif# #11# ifs4 
c#fi 11# ifii^# cm 111 n, f#f 50 
cn# lOOfig #fll11 4Ht# #11# I'flil 

#f#fifit# dji #r#i#i ##; #11 in, 

cm—citufigfi luv. cift#%i #«#isi- 

4#tlC#l lf#t« 1TC#I ##if#t# ifi# 
itlfttfertfi# cAMP nut# #1 #11 
•nil cil, r#f #\ir#t# (Cerebellum) 
#nc#ntl4*9tci4 #1 it#ti cniic# 
cAMP litlfil 4t1t# #11 St#! tlilt- 
fl98tlfil# cAMP flftt#l #f#C# HClftf 
#11# IfCll 1# fiftt#4 4#| 1## ##1 





util fMFtwi tTO 9i^ 

cAMP reticuUr 

formation-^ «Hitn iIiH 

M, Pn «i» cftsf <nm 

viw c*n^$ s?i I >MiHzw nc^ ff, 
^fC«1 nhl% lateral ventricle ff^^l 
bypothalai]au9-4 4^1 «Cltn 

cAMP reticular formation'4 

<it« ft! cfc* W®»farf 

^^tll cAMP 

fttui ^tw «titn c6tc^’ 

^tWI cn^ I anterior 

bypothalamu$-'« fit*T ^ •IWtiS 

VC* I 

Amygdala'll corticoraedial nucU*u&'’4 
cAMP eitit’f ¥i?«l 
C'^t*tCilt, *11 «®t1 

c»i«it '•ft ni ¥11 Nrff? 

*lfwi C*IC¥l lf®C¥« cn »|l¥tC5t 
cAMP ircitn ¥ci nrn 
5t¥5M ¥¥l ¥11 cn.f, l^f CiSSliS W 

¥¥l C»fCll > *T1 ¥tcil (¥1^ 

C¥M 

Cl¥1 cAMP 

hypathalaraus-4 ¥lc»l» ^ff« 

tlHWf Wtn ¥t® ¥M f¥l 

fastigial nucleus-4 4fClt»l ¥iC¥ 

¥«ti ^ ¥01, 5 C4C¥ 10 fn: *11 

st¥l¥¥ ¥n Electroenphalo* 
gram-«il (EEG) Non<r8pid eye move¬ 
ment (NREM)lll •ten 9HUst¥5¥tJ|f 

|C¥ l(¥l¥l Cl >11 ¥t¥ 

¥ci. ¥tii cAMP-f fifwtei 
Cfll f¥¥t«irw cAMP 

¥t¥ ¥tl,C>f t5 ¥tltc»infl 


¥¥jf wtit >i«f wmi, m mm, «¥i 
reierpine lt¥¥ t^Wf IWtf ¥11 ¥tv 
C¥tCH ¥f¥« NE ¥CI ¥ll¥f ¥T|- 
cAMP €lltl ¥1 W«%^iPT¥ 
ftlWlfil «ffl¥fi!¥ If I ^¥1111 
cblorpromazine Jltf¥ c¥f¥ ¥Cff¥ ¥tl 
^¥1 ¥fff]>¥-¥ff¥ftcf (Enzyme-receptor) 
¥11 Cir¥ C1?C¥ Itllfl *ff Ittfll^rtfll 
cAMP ¥Clt»r ¥1C¥« > ¥¥| 1¥1 
f¥r:ii ifirt ciwi i¥i itr¥, 

StlfsWl^fl® cAMP irfC¥tClf ^C¥¥¥ 
f¥ ^¥1 ¥ll®¥-<arf«¥l Clff¥tl flffn 
¥t¥ licit ¥C1 niffl ¥T1| 

¥1S¥ 111 11 fl I 

(i) ifiici c amp- 44 nfiiti—ifici 

cAMP lt¥l-¥ltl >TC¥ lt¥5¥CH fl 
C¥ ¥"•11^ ¥t¥ ¥C1 ¥¥ fllCl i 
»^ll ¥l%f lf¥C¥cAMP-41 nfiiti itni 
¥1¥ ¥11 11 I Dr. Delflado 
chcniitrodes 41^ dialytrodes i%ci 
Utlfl ¥£11 ¥f4Cl ¥tl¥ f¥| ¥tl’l1fl 
¥ftll1 ¥tCf, f¥l 4110 cAMP flCl 
4| iicil ¥t» ¥¥ fl fl I ¥fnt^i: 1? 
¥tl1 CfCf. ¥1 lC*n flf^ ¥lftl ¥1 
cAMP- 41 ifflH f¥¥ttl 1TC¥ f1 ¥C*» I 
cm C¥Cf 24 l%tl ¥<t^¥ Ipi cAMP-ii 
•tflltl ¥tlfl1 ¥lft C1C¥ ^tf ¥lftf 
Cl^ ltt¥ I AbiuHa 41V Hamada ¥¥J 
¥CfCfl Cl, ifll¥ llCl CltlCWl 24 l^fl 
¥V^?l« ft® ¥¥ ¥l¥tl 2,252 ±f65 
n moles cAMP irC¥, f¥¥ Cl ¥1 CltlH 
ifn ¥tfci ifsrf>r¥ iif% itfiticf 4it 
4|lll¥tll ft4t¥¥¥ mtf, ¥ttff 24 1^»^1 
fC® fif¥Vltl ^ cAMP-41 

¥flltl fC¥l 523 ± 282 n mcle8,f¥¥ c¥i¥ 
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tstjiw wi9 •mw w wrt f «i 11. 

24 1^ ^ cAMP.^1 nfilM 

Itn l,2e2± 123*5 n mole# 1 
imipramine, amitriptyline* nortiypty- 
line «t?f« Ciltf 

aai itfCTi fsfa^iti «fpi fcni 

ftri i«trn itwci Hti ¥iri ntii 

halopetidol itiv «ttil 

anm ma iinri fdf i 

WtH ClCf imipramine, amitryptyliue* 
nortryptylinc ^Iffa Ciaa 

nfSllIl f^in Ifl ifVlll 
fafai cAMP-^« 

in I 

cAMP^dR atM-itntifSni 

Cltii aifS f#r«i nfi- 

^^C5ta i|[w itif Tflci ^ 
ici fi|ti fiiJii iiiifij 

C«tftC5»i *!tW mifia eiJtf*fC«f 
fr»Tt faf« <fH-itififsrf *ifi- 
a^ai ann itii i cei^i ica 

TCitwa ic^ ltd ccflN ifinw 

fa^f nil c amp- 411 
%*rii cmfcifttciwW¥Ifcn’itaii 
ifftn caniN nftw arffi 

cftill filnw cltf irtftfii cAMP 
VIC# am-ititifSw wci Cl V ftwf# 
icitf, fi n^wti ft^cfitfm vffW 


fit Vf fVftV 

viim viff f I 

(f) iw vifftf loiftni 

filial itii cartini 
iiw fVpfif itiitfi fiiii 

#lllCltll I f tlww Itlf f- 

l^f I cf tal Vtltf 1 iti Ittf I 

f«t»t.+ATP 

ff»ll^tl-P+ADP. 
cill cltf cPMP ftinwi 

l^fl itf ftf Itci I WtaTi • NEf 
ft^ncfi ifwit itftcf itn, 
fffClCfll NE eilW Itl- 

CFCfl ifwi ltf?Cl ^ftf ir«t*l 
cAMP iffl fW fit 3r cAMP W 
flildltl ftlWftf lf#l ftl dtCfl 
fWf 111 DNA cf f[lf^ 

ftii iif ficf cn »1, 
fif f^ncfetwi icw fjtficii 

luitf 1 iw fiv^ttii ifi- 

i#l ff, fCf DN A-lJf n I ICf 

Itf DNA-fl ftn 11[1 lt#fll 

RNA-Cf URifiiflf fCl Ifl I fill lt#tlf 

RNA’41 fill ftfii ifiitff-RNA-fl 
iWtlT f ^fiff ICf If 1 cftl8l ^ifi H I 
fCiCf• lt^» l^afi W»1 

fI «ni-itltlfif fifiiftlN ffVfl iftCl I 
(1) itltltCfCH ftfflfl—«AMP 
ftlcftcfcii ftftifti ciffci ftl 4m 
f Cl f 1 Itcicl tlltcil CH I 
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ATP 

i>f—»fi>arw %>♦ 1 

I 

▼»IiC¥tittww < fifipf) cAMP 

i 4 

j 4 -cAMP C«rtl&^- 


^ (D) 

*♦ I 


( ’ffel ) 

*►- »flc#trip5»— 

[ (n-11 It.lftw 3 (n «tf m] 


,irfli¥ttw3i fn^nN (l) 


f(n+l) 


»itftcwi Jtf^cftcw^ «r^cM fj^tw-l- 
w^nfwi^ anw ^tif 

f-ifw <(t#w •itw. -'▼’iW' 
Itiwif-a ?>lCf tltlww-b I 
itiwir-b. ▼»itvtftlc»ii» ftlww ^t^9 

fi I f•rMtf 

▼V 

^ (f^fiM) irtfcv ttc« I '«f 15 
cAMP c«rtl5^ •it«ii c«icf, m 

f<f»f ^nt^ritlwir ’ftlcaiFt» »ffTn 
w f»c« ffcn ftcn 

irtlifttwi '•tfvtiflS urif f 
tini irf^c«tc«»5i st^ciww irf^tvtw 

w I cAMP-r^4«*fc^ 

^nPicwi ncf SflCftCW^ Piawc^cwi 
fw f^fei «rlcfh 

cmn f»n»wclw (D) ^ti • 

▼■iwhr >itfn^T 

fiftiw frlcf1?ww f*|3»wtw (D) 
m ’ifafi #rlcftcii# 
cHf(I)-c* *ifif« mi cf<ti«rfwt 
w «rtcf, w «t|- 


c#tcw5f >T'tiw m ftii 
a»ii ftf cAMP-4« *innrt cfltl 

^tt#, »f^lc¥tcwc3if «tft€ 

'itc^, fVi «i^cftc<ftsi« 

^f%V9 e AM P-41 

^wc¥ nrtfSfcw 4fl 

Hticw f«if arffi ’ifft- 

f>»Ct« »IC¥ *111^11*1 ««rm 

4l 4|C4C¥i 

fwi ittfacw 4rfi[ >i-*tc# ¥tw 
c^A ff*i m f4 i¥ fnin>, ^ cw if 
«fT ftfii cfw, ffirw fifw 

ItffCftfT ffHf ftlttf 

ftfl ^tci «i fw mi 

cfff ftt«i, ftl^ciwi itw Pmrt 
cAMP-4f f<Cff tenfrftfll Cfllcttftf 
ftff ^tlfl 11 Ifftl HtflCTWl 

m*ff» m I CAMP ^tl Cfltt>ff2ltl« 
i«tiifcn cftf fI cftf^tcf ?»I 
• 11 ^ citftcii fftiH trT%i %ii ntwi 
<f\ 4iiftwi «i«tf, cf^f 1*1# #ffm 
Prtinftfl fftfi ifiti 
cmtiltffi i^cim iffti fitfi m 
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cAMP ftW’WtCl 

iffVl 

cAMP f^tC^ m 

cAMP fflltf f%%l «t«l*ft>rti^9 
f«T#ftl WlM—cn >1*^ t-tfw 

W« ^¥fWl wn cAMP fSiW 

nfWitn ^ »ti c^iCTi »Tt»i- 

flwfi fUci 

«Trt-lf^lf^fr f^%ft filifi Wl 

4n»»wi wn, «ti-if*ffifS» nfi- 

fw f^!%f c<tfl»*r 
»f^ I ^fti ^ C1st^^ ♦tlww- 
^fJst cAMP'^I ^nt 

¥W«fo| Cfftftsr ftlCJfW nt^n 
W Wfl CftI C^tf cmftat ip||C4C*l 
*fC? CAMP ^ fcn ftlcsfw 

cttf 41 fH AfJft <ci ^fii 

W:*« >lftFH C«Jfi^ ¥ll]CSICWC^ 
Jrtff (Receptor) ^ irir», »tl 

Ifcwl cAMP 1» fll 4il WtWf 

▼w %w c«ri1M irt^-*rff»c» 

nfli^ar 9cl, tflpiwctcf 

^f3w wiJ fififl Wi Wfll 

C<ll1N f ttw (^l) + CAM P - 


cAMP ^ 

(>»^)* 

tciWf w«1 CittllP^ fitww 
cAMP^t f*r«iw W^f*! veil 
mm wcicAMPftfii 

«W-ititifiifr ^n\ cftf^lif *ifl^- 

fSiww ♦n » 

««l nti m ^tiiitfii «fii n^i, 
cw nfifti c«t9i ’^tfii 

cfftfttfi ’If M—C1W 
DNA, RNA Hjtff PiCl W» W 
^Wff, fVf <ffWtWI CfCftI 
fftfl C^ ^Wl, f1 «%! Ml mi 
cAMP> 4I eitRftf 'i ’ttrw !<(«■ slm* 
*wtf >Hf « «tCf cAMP fl%f» m 
il\«rc¥ftf I wtif ’fftf f If Pi W# 

fftftfi utiifi iititf nfcii 

ftfi. fn, fw* trf^ «ifff ftfcn 
*nfi, ’ll iffcfi fifw fie-ftflfflfi 
ft«1 fll*|f f 1» f 1 ffitf ftfcf■ fiwtf* 
«f<Cf fCif Tf ^lifffAi P)C¥ ffl 
ffCf fW I ftltlfl fifff Dr. Delgedo 
ilt^f Cbemitrodea 411 Oialytro* 
d«t-4l Wfri ft f Wf fIT «itPI 

W f n I 





ifiWfcif <it»l| •(fifi^i ^intj 3r«w 
«rri »riw I ^ TO 

TOtir^tf cntftWI ft JTl C¥W 
c?«ii ntm firftf, wtcn 

ftfi, >rt<ftii itntiPff 

arefjf TO PfCT% fiprci ^^^ II 
?«fi ¥11 I 111 4fti H f^ltc*n 
«rfiMtc¥ liii ff ’df cutcifV I ¥fnfi¥tf 
wfJiii TOitnrri *cl¥ W 

ffti fw ¥ti»ti ««il5 cititi tri f5fl« 
TOCH 'll W flfilttH TO fiw 
C¥tw witfii n afpn ¥fw ¥ntf 
utwtwifi *111 »narf 
fiti c*Ttt^ rtr¥ Cl »i¥*i In^ii tow 
I tc^. ¥tf ^ll wfwitl ¥HW 

TOtCll lew I cmPwittfifl WVltCWTf 
¥nf«»¥C«l Ittllf* lX<frtTOf 

till TO1 ^1 »Tf •! II 

iitfiwieicit 

•iwrWwwwi ffwi 

iwmwili ■fiir^ipKTO lTOt<l 
«f<rTO wfwil ¥!| flllll#! Ifli- 
fiwi^ fidin iff Iwfli ftiti I 

ititii 'wfsffi.Jit* f«i-lifiiti ff- 

Uto hi ffl ft| wf^i ifift 
ffW WltOWCll CTO wtl WtltWl IW 

*n I wl ifiii ¥TO Cl ¥"ii n»t fw H 
wtw wi ««? Ifw 5 imtf wti wf 
TO ’ItW i"TOi IN wf« crow 30 


itTO itfi wntwicn *rTO ww m 
WfTOtf TO Cl WTCll wt tf» 
wtr¥ hIi fww^rcfiit^ H ^ tn 

Itl, V9 ClflCT Wticw ntw II I ¥-lWl 

IN TOtwi ¥ lltCltl lJlir#4ilTTO 
itini i^itw fil wen inn fiw 
•ri^¥i“filt¥i smtwn iiw i 

TO TOM wf%iR cw*Wi| 

wtcififti TOn:*ni fi<rniiw 
ffWtl 'll ifci ¥tlf fiwtlt iff TO 
will 41$ Kf^Il f HiH If rfll fCICl I 
ci\fi fw itifi HI > <if«ti mwcij 
fll f Itfll Cl Cftl lltl TO wilt! I 
4| i^cari Cftl 4f$vciifii« 

TOTO1, citl citl itw tfn filci 
itw If, wtitfi itcf siiftf wTtnfi 
win I citl TO > WfCll Cfll ItltCfi 
cTO c*f ficf id wtci 41^ >1 tmiNf 
IW 4{*l WtH Clt I citl Itllfltf C1C¥ 
Wftl wtltl If If llil ClltCl Cl 
wlwil TO IN ItCf. »tCl TO iwl pf 

in I wtwi fl Itlf ff Kfl fTO I Clltl 
ClCf cifltl f N Wtl W w w I If ft 
TO TOftiCf -I frci ftw TOI W I 

•tniwrif iRH TOfCfr 

fiCTOllfi 4 ft TOIn ftiitilif TO* 
¥ttr« 4 ft w i»rw TOCf I f titsf TOi 
ft TOtcif TO. 1 WI TO I ilfiw ^Hif 
f til Iftf ffff ftwlTOf TOff fttn 
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•cnrnmtm cwm 

^wncf ^ihn vncff 

«•«¥ ft^«itvt«i »f«r* itfVji «fti- 
■»% *f^c>r« f4fl irtrrf^ 
^rmwi cf c¥t»r cw%i i«f ijiffi 

•Mwi 

•rtw <mttRi ‘c^>iw*ti’ cnw 
ftmricdi ^tfwi w; 
cit%f vin> C¥C> cirti cftfi > ^sr 
^ mw c»t^ ^ ^f*t^ <tcfI vn- 
mm wtw »•! wife 41 wtcir« 

Cit%l CfCf tt*W ¥11 ftlCf 41^ fll^f^l 
¥tf tClT 4fer¥ 5t»1^ Ittl «f tl I > ¥¥4 

Clf c¥t¥ vncff Cl^ ¥tf¥l> 
If 11 1 ¥tini 4fer¥ Cftdl Cff C¥t¥ CWl 
¥tl WtlC¥ fl f |ljfeff41tl-238 •ftilt‘fft¥- 
•wfiw itftCfT 5t^¥ 4^ 'cnw tf¥tl' 11 f¥ 
ffl %9l^f ¥tf¥ll lt¥Cli 4| IW 

fef 1 ¥M 1 4¥fe TH ¥tril itftcir Wt' 
ICl 1 rfw 111 idtl 72 Ifl fttl 4C¥ 
¥"nCJH ¥i If 41^ ¥f1lfec¥ ¥C1 

ftC¥l 

•^rai WtHU ¥Hlinc^ ¥|fen¥¥j¥iO 
CWf«C¥l ( Vlfifilll ) -ffcil 4¥lt9 
ftcildl ¥tllMtfe wfl 1¥ fCl Itf 
¥ H C¥f¥ Cl¥tl fCl ¥lf I ¥tllfn 
ifw ¥i¥ ¥w«fti ¥tffmtfer¥ ijfitf 
¥fl ¥■»«# ¥flC¥ ¥«W I tm fettfl¥ 
fW 41t ¥fCT C¥ ¥W1 4 ¥ll#il «n 

¥1* C¥ W fttlfei 

¥iiii rntfiji 9ft¥tcii wtim mriti mu 
HI C¥¥¥ 4¥fe ¥fiW¥1 ¥1, ¥tt mW 
W 4¥fe ¥tll1¥tt mw ¥114 til 
41 ¥¥l Cl W ¥ ¥lltl1 ¥ f l« ¥ lt t ¥ 


¥njiw ¥n, 4fttrr fip t¥ii cn ci«l, 

¥ll¥f If Cl¥tcil¥ ¥t*R¥f* twi I 

> «f3Fttl flClfe ^ifif 4¥l Itl 
¥tl#lt¥%¥ ^’fl ¥11 tfi ¥tl 4¥ll 
m > l¥¥ Cl 11 lt¥l hH 

ltt¥. ¥1 ^1¥ ¥li ft I flClfe Ufll 
11 fill IFf 

¥¥ H fJfla 4«fe ffil feltftl Ufl 
¥« 111 ¥111 fill ¥lltf Irtlftl 4| 
1¥1 ffll feltltl lJlf¥ fl I > ¥tl^ 
It^ IW Cl 11 hri¥ ¥Ni 

tllftl ltC¥, ¥tCfl¥ 71 ¥ ¥fl Hi 
^¥1 feltlfWl IffttlT hlfl fl 
tfl Itll ¥tl ¥^11 feltm ¥fl'ltlfl 
fUci ¥11 fe«.ifffif wrt, fit^iffifev 
IttCH (WltCifelfe Ifl^lflltl ¥C¥ IJlftl 
¥11111 

iffai ^l*fdBc¥i irmtcu ««ff4¥ 

ifllll cifltf l^fic# ¥ Itttl 

4*lt¥tl C¥t?^ ltd ^¥1 ¥ 

¥fl¥ 4rff8¥ Ilf *l¥ffl¥ ItfCi, 
Tfiili i*ifiiri^ ffil fen*i ¥11 iiti 
flCi ltC¥l ar«fcii 4il¥ti 

11l¥ ¥tll ¥t«frcill 11£1 4¥fe WtttlCf 
4| ¥tl¥ ^tftl ¥11 IC4 I > ¥tffC¥ Cl 
Ifl ifel inif# 4 lt¥H»tl ICICI. 
Cl Ifl ^fi^ «f!?ni¥ ffai fewti 
itf¥ 411 ¥ti mf-ftl ifti «rfff¥¥ 
im l\4CfI ffC» ¥^11 ICl I 4¥tf 
4tlt¥^« 1¥¥ ‘lt¥l«¥ll > ¥t<tt¥ 
ICICI I 

f|!H cfefem tk iifitf 

ffllH. ¥lJfeC¥fl 411f#fl 
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WCfMl 14lt% 

« 9 4tl« •rtfN fIftCl 

ftwwii <1 wt*»tc«i c% farm 

CT WfC»It» t«Cn C¥!^ 

f4if frt '•ti 
ni^itcfi ^ c^i f^4i T*fHrcw 
•Ifti fi^Cf ltl« I 

^t«j «ti «ii 5lNfv ^tcfi 

Sltll ^ ^t^tWT I 

Hitff •i?r^ ntipwi oil mlf 
14 *!t9'4 >ita I 

^1 4rtlJt ^zw 41 mHh 

sw litf^tl f*lli—4^4 4»14« <•! 

<t» .••fr «t»t4 i\t«i 

^cf 4^ « tf4i 4tr4i 4rt4tf 

C4t»tt« ^ni fe:n it4i4| 4 %) 

f«iftil« mw nrA 4fi4 4ifi wfc«i n'^rn 
•It'Wt 4t{^ I 

<«l 4ff *l« 

414 4lt4 (1972) 4t4Ui Plfv^ %9 
fWW I ff 4iM Cl SI*), If1 ^Cl*f 

4t4 *l4» i)t4» Its fi I 4ltwfif tl 

•Ifmt* f»f%»ir*»i 4ils. »tfil I'Siftf 
l^rf ic«fti:tt^i»i f-iw 4il <4tw4 

4r?l C*IC>% tf <11 «■» 4|t*ltl<4 ^ tl I 
46|tl Wtr«i »4 fC*l1 «#f8 •^Cft 
I’fin 4|WCI 

C«l* C4>tl1 111 fScfl IfWllJ V «•§ 

*»H« %% I «#ll llifnwi »ifftcn vi 

>»f«i f»ci «f» «fin 

nfrf* 411 11 1 

4?4f 4|lfHftci ^1114- 


(26144^21^ 

dffJmf '•!« ottcwi ik nn 
OT 41 tfjr ^li •iff4!i %tw« 
>ii| 4C4,11 »tt4tt4j Mimi 

utiti ntwi ’ftrifwffi <f>i ’•wM' 

f4»ft llfiwfnlli 11^- 

Pit« « ft4nt4»i4*nc»f 

r^ffM^Cfl <444 31 tf4 Cit^l* C4W 
«| inm 4ff4 4HW4 I 

C«t%i 14, 4f4 4 4tCfl 4l4ftl 

»nC441^ 41 4f*l4 411 41 I C4®f*! Ij^'* 
flWl 4l4f»rt*f 4'^C^ 41^1 iHt^ttl 
•It^Cl <411 «fil4 f4.4-4C41 Jltw 4W 
"t%4 4lfj6 ft4t4 fHI>tl4 
flfnim 414 4111 flCllll^tl C4^ *1Wf 
IJlItf! 4 ^Wllfiir fl^tll W ^4- 
untcil^si 44C4tf4’®11 'll *54 *111^ 
litfii 4ri?f» 

4lll 'll! C44 '6C4»ll*f II- 

4l44tltC»! 41411 4tl I 444 

'll «if4tC4 4444 (iti^i cipril 1114 H 
441 4tl| Ht-f1 met C4, ulCf 4444111 
l«S 441 4rCl-4tt4 '*44C4 4|C4f«fil 
4IClt4Bltl4 W1 4| llRt4 DHti 
f 11 4tl I 

41441414 4 fllfutiltll Ulltl- 

C^fillll fttlll %tJ CttUffl 4*1 
4rlf(«4«lrl4 4«*, l^fW Cltll r4it*fiti 
<4 *ii irifi 1C4C1, iHlln iiri cn 
W« i4«!lf *ntl4l4 fSw H14C1< 4^t{4 
f*fv«.4t411 4IC«t4Stm <11^1 tWN 
SH '• H^*44r4 4Jl4^1 «W44 441 niWl- 
4tltl ^PMHf «154J4<HWWI 
l|f4*M» ^ ^ H *|fl 4lt» 

»i ^tc4l nwtii ntm « 

%1 flllH *ntl *ffc« 1 



%*I1^ 


citlNtt^l ^nlH—w ff* 

ftiriJ «?tw«re m cnw n\m «•!% Riwt^n fWffCiii 

'e vrii iii WfWi «iff«a «wt«i ?c»wsi i 
’jnc?»f«r»i c^ w fw-ii «it« «(tfl 100 m 

iitCT ai» fiwrSt •!’»! ^CM I «t<*W 1914 »!tc*i f5i»t41 'acf<|Jitf» 
^itCTftfr« ’ftNffl ill f«c9 w iffutsi 

wtf^nrtisi • nwffi ^tm >«. (Continental 

Drift) <j*itiif??i »itinii f w«!i» 

rfiw iiitc«w ^cwi mm %w nn^ 

•rHlCfJl TOlt wn^l ^ <iC14 >014 041 41* I OKit 

♦T4 ft4n« >t^(l4l4 ^ ^T>anft»i 4tC4 «5<5 ^^f^ oaffr 4<tWO(I f41 
fiK4H4 I 4<4tw C44tCir ftajm>11 C»!>4tO> fw «ltlt4 4ltl- 

•nH4 I 011^ W1 0W tt44r^ ™ 4ltt44j> ftPwj 4W 4T4 5n(i 
c4tf 1 wtftfi m^mfh 4ftmiia« wrw uwoi 

^hi« fif«i mn C44i 4itcf«r o ftinti 

SJIf4tC4Cf fifin fH C<W* cnt 4ft4| dW 01^ iltif 4rm« tc»14 W!|t« 
4|^40(4O«t 

Cfl4 Cft4 fwrtti 4t», 4^til ffl4tl4tl Il4 fr» ft«(!f! 



lid iiiH'tftviii 

ff»r I »tf ^ «iN Htn flir ^wmucptarftii ^ wt«- 

3»i»iit« I «nwi:^f ^ Itwtn, w 

c*fcc«^itw ff»» ^ <ic»tftai»rit« nmc9 cwtc«1 ^iisf ^mfiRiti fs 
^nftn •iciM, OT 01^ 

(^ fcW5f»mt«r« I ft f-wr«t ^ 

ctfii»i *nf V ic« cfcf I ^ wsi, «itirc^i 

(M ctfitr^wt «R’*t I '*Jii’fr«inft» ^f%w« cfcf't 
fttwwii €r^H ^ntf3ii 

ftti CT» uav cai%f OTW f5ifw mtC9 

W *rt«11 CfCf *, C«R5?—?S «t5«. (MW a«t 

I ^c«¥lt« iitiri *i93rif5[v uttir 

»tTO 'Hit CT «fl»ti <1*^ 'f-«Tc^ fi»r, v*f mvs «r»ltf 
«rnt*i I « f^Tt fif»i %v »fC8r mw 

»fc« c^w ftc^» »nfl «t5« w: 

wtfiffi 4jn ft R«tt Rfifu fw nc^ i ^iwtutsit- 

•iTtwii »r«:w w: ctvf ftfiw i« 

'ii^^ c*wt^¥t< wfc*ni fc« R^R^sw iriw i *ni^^ 

nntfv Rw «fsi-win( mfOT ♦iltvi stRici 

Rwcwii ws CTVi ««ic?t*f ^ vft’n oj^rtR^ <ff«wt niwtt> 
cnCTcw I ^tcwv new, oififi! 4tc5 ftto’Ttnnl «ft?tn nntew-f ncwWi»1- 
•frtCOTt wnt<rc«(^ I '8cinnt«'8 nc»!^in, n^ntn ^fnltcw cnw^rcf'T nww cn 
ntwt nnw-f moF, wtf nt<ij cwnti jiRrw w ttwtn witf c^Pt nftc?t«r» 
net? nitnfi ent, Ri 371 cwtt m wten nnw nffi?^ fit! •n"fi 
Clin < iwti «tifww itiM uaiffi»«»ie«F itti cin cfi, m >ri 
iinitrt iciwt i-nW Rwv lew '*ci i*ieww iti cwci ijw it* ewew iiw i 
111 dw 15 iw WWW itci ftre#rRn (Pleatocem) nirewfir iriw 
lien itcn I 

fwwwtwn cfwen, 4iti 11 wiei iniitt i«i fi’cf enm *n cm 
itititfi wwt*i cnifi! cun ^ 4nir Rw iH, twii ntucti 
mrewRii itwitw ciiR ici mwit^ cn^ ui 

c»«wi wn I witcifiitw ^ item i itftfn nRw item ii^ i: 
witiflili ftni 1 Ittitcni iRwid nwriRf mmm *«iti iticii dn 



wtf I iitiRvi ^ilciti't ciitflv ait^dnn ftil fi # 
^ wt^ttPr ^fc*r turn fw c^, to to «ttci 

'•V TO « I«|| TO ^ f«*n flCTOTO ^Tt TO ^CVI, CTO 

'•▼TO '«t TO« TOfv %▼* TO f^flw TO 

CHC^ ifct C^Cf 1 

f»tfTO?fl TO, f^f«ll ^C1 afS—flftft# •ItttW f^^<5 TO CTO 
»»TO« TO r <49 ffif TOt^ 95mtfl9 TOW I r* 9ltC9fl^1 CTO 
f^^%iijT« TOf f^TO ‘49 ^ 9 t fi»f l*iJf 9 I ▼TO ▼! 

^C*f f<f59 ▼tfflf TO»«f*r ▼▼ « o^tf c?91 9t9 I toP^ TOl TO CTO^ 

^TOIW ^9f9 TOff««9^'9 TO1 9T9 fin TO ▼WH »riTO 

▼TO «rit^ri9ir*i¥ TO-5iHrtai 9fTCft»r9 ▼ft9TA«Tt ail C»it9- 

▼f^9 ^rsi I 99Tc«<^j& 9C9 9nr cto, ^i ▼twi ▼^Nl Ictoi to 

ITOTW nt *!• ▼K-<tflCTO TO TO 919 *tC96 ▼t9 *lf« 9f5| TO 
TOicii fiisli ▼tTO in Uzmniw^ iw, ▼t»ci9 ntifnil. 
fa^ftffSf OIK lucwfl cit^if? nistv to oiifl ▼i'® ^»TO9 

fin, nrf f^i fi'ii:! aicn '^fi itci iTci ito* 

inr cncf. nrn vil cm ef^ci » 3 TO « r<f^a iw 191 nttiif iit'-TOi 

▼f%i TO 9«9 i; iiTitii ni»C9 *, oj^ vfi^ ittilif utii TOnilci 
TO ^C 9 fin nt'iffti niw, n<fit n\ltc« ▼▼ 111 ▼tw^ « ntfirni iftcm 

fi»f aii(^ TO! I ▼tit^i ▼t9« aii!& iitcin ▼twcm irm ln^c*ti 
nw itntntfif n<f9 ^tiintiticn to ’cifin iw icn ¥«i ii i 

TOt^tii iciR. i?tc?n«f99 i ▼ti nTO€c»i TOi ▼tni 

scncf j itcn^TO »C 9 TOtW #tii c^cicin i ^ttii to, ffirni 
n^c«t %9 Itoi toI cicf TOCf, fillip cmnfnw 019 cm fro 
ntci i ciii —49 TO ▼t 9 w, TOifnsi 9t9iil cm ifi ▼ftiw cro 
TO minirtf ititntfi to ▼ten, to nitn i*»t« TO ci| 1 199 «rtw 

▼•TO Annitdi artTOn hrif itnw f5K« f^cnitiwi ointi nfv ijtntf nnr 
TOtm I ^191 wcw, ▼! fifrtr cmfl llnitc«'i to ▼f* mr 25 

CTO 30 m ncf nti itwf i oivtci apitni to* ^ ^ 

TO nmf cm> IImh cto TO« to cm ▼»▼ ittn nti itti, own 
TOtn mK TO !▼ TO m I 


mPTOcm 



♦Ttinwsrt ♦raw 

^•'^m\^ »Ra|iti *fil Stc® CT«irt CTt I <itrwO «fPH (%^ 
TO ^ c?«ii ^trf—cststcw ’wicv nn i crotcn ^ 
■•nf^ltlt g-f^lutW C®t^t^?« «!"*rc# a(5f>t iltl<tt ¥C* *ttTO I 

1. ^f^4tr* «iTO« iciftw 

( «|f) 25 30 »W TO mtcfi 

(^) 2*53 c>pti5TOittw 
(5t) 25 c^cv 30 CTtfr nvt 

2. nt<t« TOTO rt^f^ w 

(^) capt-TRil^jq^! (Cro-magnon) ^itf^ 

( <r) t2|?tit5?TOl*! (Neanderthal) 

( ^ ) Cftcm (Homo Ercctus) 

3. »tlC^ ^«'5R ^c«11 1500 ^ 

(i) f^tMItlhl ?isf TO 

(«) 400 

(^ ) 1200 
() 2000 W 

(ii) cg|4-TO SR lOTOl i|%lf TO^^ fl^l TO 

( ¥ ) 1400 C5^%t« 

{^)«1500^CT^WtI 

( ) 1600 

4. (i) 1971 TOinti ft»l Cirtlt^^ 

(^) 50c¥li> 

{^) 55cftl^ 

(H) Wswti 

<ii) «t tTOf *hTO TOl WW11W CTOTljnTO 
(») 4ct1# 

(<l) #W|* 



lai 

(^l> 5c»t# 

5. <i)197l lltWP 
Wf«1 lt« fl*l «tf 

(») 20 
(^) 25 
(^) 30 

(ii) Jr iltcw npRii cut! wtim 'fiiiini isw'^rt 
*t« ft*r «nr 

(^) 20 
(^) 25 
i^) 30 

6. ^ ^csi 

(^) 85 

in) 850 
C^) 8500 

( *Wll fft» 125^\ ^1 ar<) 

>|T<1 ^^ f^ffffil. f Sft«i-9^ 


cftn Ct? fro al toi atcni *JH 

¥tw *ff^i mnin I f%« acf onw mit 

▼Wif at! ft'CT ^t*ICT *11, w TO *iw mt^n attw 

mfn nnt to m 11 if^n (Eicape velocity) I 

*t«Hi TO cfin circf c^. ^ d^fk^iiTO cntt^froro 

(Gmvitationel potcotial) TO G-Wl^hr #W, 

t 

ai,i-«ffMhiiiwt<i aim TOf a««m 

maife^TOa^lMim^ attcf alwa aimifhl (Work *ri 
Eaetgy) aftiH m nil iff mfla 

8 
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(Pc^ential energy) f eit i m w ^tWl 

r 

A 

V ^•fffft^ fi, 

imv*, »«^5r till ^t^ ^rttcf 

^ I OJ^ Cfcn fWf^« >|ff Ve ff nviN Ipy Cf^ ^ Ve 

ImvJ- G , 


. 2GM 

v;- 

f2|^1^C5(?l *131 Wif f 7 c 4 m V,V 

nj F fc»!, 

F-G.?!??? I 
r* 

Wtf F-mg. 

• —GM 

.. g»—. 



2GM.2GM 

■■■' r » r* 


r*2gr 


*.. v^**/2^ 

»WI ^M'r«6121 9f. ft. (Km). W g-980x 10“ 

f%. ft./curf'®* (Km./S€c*) I 

.** rjftft C¥m Vii 1 % C^^! (v^)*> ^ 2 x 9 ^ 10 ^^ 20 %.%/ 

C>IC¥^«ll*2f%.ft/c>lCV®'-7 ( n\ 25.000 wft»r/’?%t) 

WF 25.000 €’«’l ’WWf 'll ^1f W't 

•ffWiCt ftw ai» ^lit^ C*Pt^ 

25,000 ^t%*l f««1 I fH** ^ 

wrt i[c« fcf < w rnmiwi »rw i wtpw »itir ^wi 

«Klt WltFWR HW^ fit W %fw« ^ ftw 

<rftwn ^c*twtfir ^ir imv ^ i wic¥ ^iilt •«« w ftew 

fwi ^tfni ««l w mfW n <itrn 

n:f iWi <% *rfn 



« 

«W1V cmi ic«n 

«f, ^ V9 iM w fr*ff» c«i«tf» tpit wi 

% 

Hr 

«iffjt>f 

(f ».^)5 ^ i2,40013,742 6370131,760 U5,10{) 51,000 5030012,7001.390.600 3,476 

m (f) 

V^) 0-27 0*86 100 0*3/ 2*64 117 0*92 r44 ? 28 017 

(1%.t4./ 

CW«) 3*6 10*2 11*2 5-0 60 36 21 23 11 (f) 620 1’9 

^ ^t?5wr c4% ff*! I w incww 

fW ^c5T:f^ 6 ftfitftn «rfRi ^(nr Itw apd^i cw 6W 

tnr^cartf ^sn ^ mr 

IFtll Vif Witf t 

«K*r ffWOT WH 4rci ^ndicfi 4tlc« bw cw 

TOCTtf I ^%^ifiic^C4%wmft^OFtcwH<rfRi W 

^ c«ir¥ ipw I 


Ri^^otf fnnrt 

'WcfI ^ iw «nir« 

cifpf ^Rkir w 441011 ’ifkiR 4ft«4r ’ftdor it?i i 

f^RTiriii»8*w^rwift'« ’ltd, itn ftffi rto ito4i 

W oft m iicw m4fd4«trtdili4Wt witwi4fitit¥i ’•ci^Uff 
4nrci ^tc^t w t i ’ittn imtfiii i»iw ^itwi c^% c»i wi wt*in iw i 

«wif wcit^i*ift iw«mn «iltei ^ n ^lfi¥ cfti 
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^?i-ff1 WK9 *ftCT I C<tltf IW aif (ftM <wt ^ <«w 

^fi-^ IFtl r aMI%f »ltCiri« (Fbgeltt) WI 

’illlCflsw «tc«t«sf «rt O, 'll Ifl fill Htf Ifilli Itl «1 CTC^ 

^ i CTO—1. 'Wffiifinn Cl't*rtl (Escheridiia coli), Z ltCllW«»rtW 
(ThioipiriUum); 3. f(Cloittidium) i 

tiinfifilll C^lllll ^ ITfftfinJti 'ilflCll flTO 
3tl ftfW ifi 11 ♦til, 'll??* fiwi iltfill w It« 
ifiti dA II ^ ci-i cfc? itcf « wifl fw I ^fiwi it^l ^wt» 
irt^i itfUii '111 icfi ill TOiwi fttci cn I 

ItWtNSim Itif lltflSlt* ilffCfl <ITO TOTlI 0 
•Hi II IW ItCIf 41^ fic*n m TO H wi, ClltCI irflCWI Cit» TO 
**ffw itTOW «ipn ffI wTi^ fi III %n% 'iwi TO iifiRiR TO* 
Cf tl Utltwi Cll i 

mflfiittwi iTt*ft* •itw njwii It, <Di TO 

itwi 1^11 im iwi, nfiRirtii nil nn cfti iii wfTO n n i 

nfiiw ’ficf iitinv TO TO fiTOfti TO imwm^ii, 
fti Ilf III wr^Jmm itif utflSn nficfi TOcf i 

iiii TO%< TO ncf I TOcifi 'itfi cfti toI TOin. ^fw'il 
nti «icii ^tci ftfm fiitv I tin iff TO nfirtiRiiffi cTOi nw 
fiKi *fc^ TOcirl w TO iiinii TO I 

«iii TOwl 'IfIt TO II Cl, TOtcfI ^ifiilrcf III f froi irffCTO^ 

wffii irtrtfin fi[ftcil ^fnitii fii^f TO. fit •ffiffi iftw Jfi. 

w. iTOttfff ffroiiji TO TOI ^il% fin n» ^fMcf TO 
ffirwR itft TOI fti itnnn toifr TOiitrifiiicfcicTOfflff 
f TO TO, TO ffroi^f f Ilf TO-liTO tifjf ffroi 

TOtl TO Cf IT 





(•fflwiWH *nnnfi) 

L w 

2. w 

[ »i-^m.M «w, ftwtwrtm «fi w «tni Iti^tt <(<«^ (|ii 

Wvn «ii 50 ftwfi w, 1 w n« 5 «i» lo w irtn i ] 

3. (i) (») 

(>i) W 

4. (i) W 

C1971 |ltt« Wf»«M<(1 Wlft «> tWW fw 54,73,67,926 ] 

(i«^ (9) 

[ 19711^1 fflrtWl i|f4tA <1 W4in fw 4.44,40,095 J 

5. (i) (9) 

[4>nr«: tcrtr CT, 1921. 1951, 1961 « 1971 int<f kI 4tl ftl 
W»CT 11-4, 17-3,1798 <• 19-87 ] 

(ii) W 

I a>n«c4 •nw w ww ntn n, I96i«1971 ihtir 'il trt 
44»«4 24-45 « 24 59] 

6. W 


ami.J oMftr • 

^•DMnvsnli, 24*«liintt 

i: mM^'44r#« «i< m 9itt)n <mii itlixtrft 

«cn vn n 

wnvpt^tii anft « vnvrtm amii iint ftft« •iHHk>nit« 

«fte«9nni 
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^ anrt»f %\v\ ^t a yhi ?*. <tftani ^ i an 

ciiwa na, atc«*ftc« it^i, awt, nsRi'i w Hntfif 

w «w«c *ttai ««l catif cw w ff, ^ tm 

naiir OT I 


• ci%a f^ftnr ^rmi i ftwta a^w. ¥f^f t«t*9 


r^«f 


C>lf»r^t*tji cif*»tl W< 35 F *1#W nas 24 « 
25ri f«c*n* (1972) fVtnfi *if<iiari 
atf5f fif^i Inw irt^i c^m 
wr f^wta-fw 't 

i«fK ’Pit pa ( «rp^'I1pB 

atacpf 5wir«att^i ^wf#fi>a, atli 
fwta nftaf 4fftf%» tafay 
cit^ cawCTC«w« ’•iffi %U %U *fti I 24pi 
l«waf >|i|jti cwl difWtRf 
ailtPt^ trf4a1i ^tataa ¥twi fprati 
^•ijW nfiacfi ^“>i'»fn(« <• awlf fawta 
nfiacfi aHf it >!fafii nn it: cfwaratt 
fiiat^taitf '•I «tf<4tf atajCT art^ W*H 
rtmifi aw fa«ta a?ti 

fall Iwf fcf wa—aim «rHitf 
•ItWtfa fit aittfl flttatafti uNtil 
atftai aiar fawta-oFfti ftfan cftaati 
call fit ntnfk • fiitt OKajwtiil fI 
cnt %\ftf^ cftt ftea ^tttiff 
tftWf^f ttti 

fit4iti »itf»iJ ftatr fit 


•ifflfcaa aftaff ft€)i faiHf fcfj^att 
ai( fftffPi fat^^fNin ^wt^ 

ftfftnf »t4 «lf siltntiifi ca 

fwartai^ c«raa ftaa. m »tffi *rf4 fc«a 
lliata awtntafii i 

Sif fatit*! 

tf 30 feri^aa *72 ctcf lat ftfitit 
'73 vfil fira aci ^ifa^w stfai ff- 
ntfiwca fiif ctflJcfI wtacH ilnrct 
ff t fHf^i w atf^f fawta 
arw^at fi i 

^caftTaar, naHtaff, aftafaft, cfrtfi- 
faw f aflaafafi >t| •ffgf ftsfcir 
«f4atft ftfap fiai nacpif ^fa%i 
tnfiw Icapftf^f f^trt l^tffal- 
faiffa (ailf'f^taw arat) ttti ftF 
ftiai cacf ^fit aif iftiati ftwtfaa 
aatf faa ^a ^ alia llaff 

artlllt iatft i 

caiTtfff^ ^nt ftm iita aittftt^ 
(tff atana ‘artfWit-n^ atm 




iiffHif dto CW1 in 
«Cf^ *ti <cit nf^ «Cfll) 

2i ICTW, ItPWlIl 

Paper cbromaecctapby 
WWmfl I«ttlti| « 

lijWlftCTf catici* fwtWl 
Itlfn I 

Iff fwff*f 

m «rt4<Ve itiinfl ta^i^ artetw 

w'fcii If 4f\ nvm 

fffCl 

imtaflcw WIT ffW iiff fi i 

ajficw fftc*!lwt-wp 

1^ 14.15116 flitTO (1972j liatlfl 
frt«r»f |ff«w «wt fiH^ 

•Itwtfftl mV9 <116 aitwtwts# ^Dll 
It I CfWf aitwwtf’1^*1- 

«fi iiM I ni cft"n 4ff%- 

faft^ eic»^*ifl« riwsil 
fi#f f*i. *«f. »f*ij «a, fi. 

4f.f». ta, Cf rflf Wl- 

ifir « eifvf^tiv irttmtf <af\ 
^Bffw wtnf waitiT I 

«at flf ffsr erttl fit^4 

^n|« ntfw fttur 

ft: ifttf cftiftf «ci 

*»fim iff f w ftfii 5fliN ftwti 

flftlftfilfl icw ^ItCTtWI f Wf I fitlltwi 
«riar ftft twar. wt«ti n wtfw 
•!iw cfftca f 1 citi fWi flftl itf, 
ciitci WTfti iift n iw 

iftw f^rvffi iwtf nt 

itir triwi n, w 


m 

ftiif wi«<w<i wi 
ffti in wn iJtew tnt 
it in I 111 ftiti fftim wti 
ici iitfti iftni iCtiiii an#« 
iifttwf itfii m icn 

ijitniii-2-4«i Itm wnPM 

H(ii cici if>tf It. n. mt iti 

«jstfti mtif iiH—dtfiniitiHift 
ljn'2i mftn ftitft lytntw-s-ci 16| 
until 4tcn iti itftn fttin i 

litc^tf*14fcff u:i cf iwf! 
n i«fti. »jitnff-2 iti ifftifi 
nn I ajaintf-a-ai w 840 ftwt-irtft t 

il fftihftwi 11 

8| itnfil rrft^l nri itifwi w i 

Ilf cw nlti ifi 4iitfti i^ftw 
enii—'tin tttttftitt ftcf iict cm 
ftt fi tiff, <wf ictni lit citi 
tft til ficif lit !(■• 
If ir*i cf lit m t 

iiftt wjfi m ftft 11 iftn* 
itw m tftiftfftf cmtTWiwn 
ftfi, iwt^ttti-m-vMfcIfftlti at« 
tfaftt il in ItHl rtCl ftsii 1*1 
ftiwi ici itCfl ti iw ftit ItH Iff f 
»ri»tl fjririftt m*ititwi 
•went iwni.ttil *iitwi iitirftf 11 
<nr n« intt in ’mu nfti n it 
iTiffi in itf fffi n^tntn 7n 

nitf nfivn 11 m fnl ni m n 
11 nut ifti m TO m 

46000 im ^fiv il ntf 



U8 rnm^fkm 


mftcfr 41uttnl ir#i wfcti 4tlt 
#icii fMlintN fKv ntit ftcv I 

»f 3 f f^fir cipr W 41 ^tl 

4fffN »r^inw 4fH—ItlCTl 4t4tflir 
iffiMf f^ni 4twri»ti f fill 4t3w^ 

•f rft4 ICTCfi I «»«14ffff lt«:il 
mw\ 411 »fiitii«tci cii%i fiwil 
ftlfl 4tl Cflff 44 CW fW4tl 

•rtf^n ci4fi til ffti citi cfTi C4W 
4C4 44 4t«11 Itl lU f^l W 

frti iij Rxf iMfJ! 4 wi?ti m cwcff 
441411 4114 41W4 14 ClI fH ittl 
Hf 1114 4t 5tl?1 C41 in C¥tl Clt4' 
4n4 iin itici 111 

4ffC4 4t*f ijuftn 

PliW CW fn. IS. 4ll 1^1 4tTfl4 
intn 4114—fii4i 4W11 4t4 tin 
4t4 Cft^ Cltsi 411 
l^tfifl ^4Clt<| til 11 fll llltf lJl4tCl 
mill ittiii mil Ilf itllff* 4111 
full* W mil 4i4n I 

mrw c 4 * 4 mu iit cm 
4fiiti c4n itHm 4tff4i >mf 4 
iftiti fim mil cinii 4titc4ii 
flltlll 444 •!• Cftlll mflll 


i4if« mill* pif% 44t«iN cm mi 
•rfwici fim 4 4%i <1 m cwt 
fkt 9 flUf, 4 tl Utltl fl 4 4111 ft 4 
4l|l 414^ 44 41 tin 4t4lliH 

«t4-4%ll ltl4 Itttcni tm, 4ti4 

nil, itfii mill, citfici^ ttfim 4 
4lt411 Ittm Hfl 4tl 44 iP 
cfi4 4^ 44144 itm 4n 

ff4 lIS tm 4114 4 414111 ftn 4| 

i-mi ifiiti me# iftf^ fn^4tii 
111 I 

»#f lllflfl 4114 mitl.4f41 4> 

ifi ciiiit* fiir^l 1 im 
11 , 4i44ifi 11 nn uHuln 441 - 

lf44fn-44 4^ mttl mil 414 

4111 iiii?F mil 4141114 41 nnt- 
4l1l*T Itllll 41114* Cl* 4 
111 4 I 1 I CH4 252|8 #4 4411 ^14 
C4llltl I 44fl fl|J«.-4f»I Ifl tfS 

#ic 4 4111 41^ 414^ 4 im cm 
fitJin 4C4 ijf m 411411 imin 
Htl41 nil I ^ 44114^ *t*W 

41114: fitli. ftm4 4114 4n ittml* 

Clin 4itiii I nett ftftci ml 

linifl *C1« 411 im 4l4flVC4i 
4111 #41 cmi fl#! 

inttcw C4C4 4ftf 44ltl 441^11* 

01411 tn I 


4iti i^mi—•wimwt irtlirt 

4Nlll4* llltll m 411 *l4fl ifimt* *#* 41lpll 111441 

91/7 (iNifM m ll#m m 41H1 Ifl I 
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PHENACETIN 
ETHYL OLEATE 
MENTHOL 
STEARIC ACID 
STEARATES 
OLEIC ACID 
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TECHNICAL CHEMICALS 
& LABORATORY REAGENTS 


THE 

CALCUTTA CHEMICAL CC. LTD 

CALCUTTA 29 




•m « wipi—s«#, 1973 





tcwi, fill«tw ^«tcir« «fci^ 
ww nflwH ^ «mwti¥; 

ntnf^ ^«t)NF (^) Ml 




cftw: %%•«<•% 


Mwciti 
CfW* ff«f! 


TOftl 

IWCT^ W 1 “WI ^Wlf I 

(iiftR ^’isri (iWH •neniti I 


■■ -. ^.. ^ .. ■■ 

M^wnww Tmfwn^ptfni 

^WfriiiiFWs wiw»TOWfWi<w <iri 




»t!| 9 H9ti| 


M 1973 fils JR^Irl 


W"® nTlu 

Ilf^WI i?t<w ^tt 

^citc*r—^ttni «c>rci ’•fi i flt*rfif 
(?i ct-r iTlffr*! ff»i) nti 
f«rf *irf ■fiitfwwi 

c<rMi *fic*ici 4citn «cv wtfti 
%i\% tirwi fttn icin '•n 
«l«tH «iWtl Wf W* Pf «tf 
*ivf^ w I tftf«, w—i^nf4tf 
(Rieoiaiintan) mlfkf^ « Wll44r|{i|l 
(BiQseem) mwtM ^C«ff4F««1 
(General theory ol reUthrity) t 
cwl <»«« «ff wi| <af5fn aw 
iNlinff ^rcfnn ctffi ipicmi 

nftcw eftffir wR 

aiffiphirtf a»lf»—iif5« mtn « 

«Ri *»m I fwrt fff 


r»f« ^nt’i *ific^i 4i %»f wi R- 

<rfi «Jcftf«i ^ m fw n^* 
fwi RCf ^fwi 

tm«»i nt hfif m?fi 

w ftf»i fRti ftiww* 
wRf «i*i ¥«i •ffiii ir«i 
*5111 4}citta ficilwcfi Wtf iiftln 
•Rftwi nic^rfFW—nfi- 

ft fii iflf nnw 9if^cn 
afCfa o airmfnf «ifi' 

^4 idw f ^1 f^i fw ^rtn fiw If 
«•! w fc»f wrf «fI «rniM ten i 

irn tfifii r<Rt« ffi i^N 
(Boolean al«cbral*-if fR all atl 

fafcfi an % fan fffafi 
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« ft cnc^l (Set) Hf ; 0^ 

fiiti fiti 0nn 'jfcirn fwi 

i«ti*rf f^4) «rff 
ftmn fwi 

wi# «tJcf I f)fifPrc«i 

«wt*r Will wj «rtfi *nititft»t, 

»tffifa¥ wlftiiy Nitfft mwn\ 

m <*tcitw^r cf. »rtRf«¥ w 

fti «fti ¥fi wncff 

ft^ ffit-r >!ti%i ft c«ffjrfi:wi vffti 

’fWH ¥ flfftf 1 *ttffCfT <«¥ «tf1 CfC¥ 
¥f 'srtti ^ftcff *rcffTt« »ffftf¥¥ 
¥[t¥¥ti*rrpi ^t<»i 

ffi ¥rfnf^¥ raw »i^f c¥¥ 
(Theory of finite fields) 4C»t»r f^tl- 
Cflft Cf1f«^-»«l (Coding theory)! 

nw^nzw» ci»ti ft*ft ff^fi <«¥ 

¥tiii cfc¥ mw wTiifti nu¥t«f ntftcfj 
sfiftT •ttitwt lattffcfi 
4J^1B ejClH fIff I ail (Code) 

(Error-corrccting)-“C*ri¥-fl 

CfC¥ oltff-fW •fXfCftf 

aifttflf arlf¥-f3| ¥1 aflf 

frvcitff ¥n cfii an *rwcii ntzn 
c¥¥ oifn entrciTf ¥fi 

C¥l w«l wf¥ ¥Cff If I ¥fl 

<4| cf, A nf nfifft^w iicai 

wrnf—*!« 

ftf aivtnf ftwwr cftn I f 
fitntw fft (Graph theory)— 

«itwft«i fi trntwi fjtnf— 

wric?i finm vt 

tllWl C«lt«tf Wfl, wfipf «f ft 
arcltltll (Theory of automata), 

nflfwi %% ¥intfin¥*i fimt 


COpcrationa reaearch), ntftHVtCf 
*0 (Cyher- 

netica), frftW-ffmM. 
lnjtff 41 ernttn cnm iw i 

^*Tw ci¥i! 6 cftil fiw 

fliH Wan It^ atfti (Discrete 
mathematics) «C¥ I ^ftfaw Hftl 
irflnHi4 fsfM>it« mt% 

IICT, fst»rs ¥W Icnteifari (Topology) « 
¥fwt«l (Functional 

analysis) 4f^ oicfl aJOtW C¥1 wfsfilf 
ItfTtlf isffavt (Mechanics ofconttnua) 
nttlRlI (Theoretical physics) 
ItflCI «ripFfs¥ll «ttl1 
mi •ffist'iit linff *i^« c'f^citi 

¥cii irwc¥i erwi srnfiji 
flClllfi (Numerical analysis) ffffCf 
01% >iK¥ c«riii \fnncf i 

411 41 ¥11 Clf® ntci Cl, ¥[tlfcn 
ift¥j ifini fi¥titwf ^n% 4| m 
4flt%l1 fill fcitir <*irafwfl 
icm m fii, ffi ¥1 irwt¥i wl 
I friti'iTi¥ nti¥ti An% ¥!«- 
ifi cwti ciitit¥ ¥iw itnr ft i m 

Cfft Cl» 111 lf«C« C¥tl ftlftitll Iff 
iftcil 4im"lt)i¥Cl lltl itllftl 41\ 
ilfKii n cirli icf. ilftifi 1 
^iijf¥¥ Ill'll in srcm Ifttm 
um met 11^ il i^ml il ftmi 
•lilii fkm. 111 ici 11 4| itriji nftew 

•ItJlsi ftltll Cftllftl iflftlH f¥ 
¥iwi I 111 Wflf fff Itl 4C1C1 IfSl I 
4| Wltfll lent Cll iftltllftlftll* 
iiCTi i;fti iftm ifieini "rtliiii 
nfiili itm m iti ntcirtiCTi ¥wl 





fiti wr«cffii 
▼wtf ffc^ »nt fmi—^fft 
<1 Ncfil fitnfifiir ff|^ 
^Tlfwrnii 

fffti «9)r 

nfii^rir cvf^ w fw sii I <1 

%f5n %i5n m%i ¥ti 

witWif ntivw j item c»f^, ^<«|ji 
|f«i f^ttt 'ft! fin ffI f#I 
ift^fiff <ftfl1^f fRft fMathematic*! 
symbol) W I ir»» fTtHl 

f*m it^ff 11 n, ftii «ffim 
uti^Tn fMifin ncf c>iu^^ nfifif nv9. 
111 'ini ft’niin >itf iin^ ff| 

ftm fill •ifiw *!(« »«n I frni fff ncf 

ftn iUtt^ fffnftftcfi fill 
« iificn flnrw fifi I 

nfitfi 'iirt«fc«i f Hffi 
nrw wf fcm^i ^tcfi wf^wit 
itn itcf <r»t-ff fn ftni i ft^i ffi, 
f^if tini niifcn arcitfiif 
fiwi 'ititcfi CTW fifiti cfCT fnfsicw 
nfif f-w ti 1^ fftf iicmi wn i 

nWm itm It?Ill ftifittiicf 
«tf 1^ cw l Wl’H fft, ^1 Cf» 

c<aw • wfi*f cf •« fti I 

<f)> eft mvf m tfcfi n, »ifi« 
Pifi ff cfff HDtnfi wi» r ft ftffff 
ff ftwf fffi *it<fft f»l t ifii ftffft 
ff ftif nKffi utm, «i %x 

Crtl »tt ilBW CfOI«»fif ^ 

fWrtw I ftwi fii ftii nil c«i% •Iff 
nof ftfftni Wwi elf nn, nftft 


iffftff ffftttcff fftf cfttnieinti 
>Tii fl nciftwh fftm fftrtf 
ftm nhijif fftew nftftift fcf *rftsf 
itrtf fcir •rti'if •rtif^nf nntcfi 
frcifwni ftcf C11 ft ifttf fw I cfin 

nt tf ^mrftf ftn n tf fit cfiiti wet 
ifftcii ftw ncitff f«l f 1 iimfif 
fticii ftm ftn »rft« fft ftffitfi 
fxf fn fftn fft ftf.'i fftcff 
(Abstract mathematics) ftntftl fff 
ftf f fKf •tftif I fit Cl fff, f1 

cfti cfti cicif <•! ffii ntfftf 
•nirtff ciiwl ciifi itfii ftfNffi 
ni fnftfftcif ntfift 'in nftn- 
ftf^l (abstraction) f ftl 
(concrctization) Fifi iifi ftW l^ff^ftf 
tlClftfftn ftCf lltW ft Cltll 
Iff fcn ififii fnfti ft itiff 
fci-ff fcf itfCf ciifni Iff Cl, ftftti 

4ft iiftcf irfifif fi ciffi ift, 
ftff ftcwi fii m 4if (il itftfff 
niftf iiiifttcT! ff n< ntfiti fii 

itfi ftincff iljj c4% cinl 
‘4| ftfi ClfH fff w iifi ftn I 
ftiii Iff « nfi itfiti Iff Iff ftif I 

fifft ftcf 4fitcf Iff I ntiffii cfcfi 

If tffiti cm 4>i*! ilif f-ifti 
«CIff 1 itlftf! fx 

hfii ffii ntici nif< *fti«ii cicn 
ftif n fffcfiff ftiftii ntiftfi 
(ini fnifm f^f nii ft itici in i 
nnif cfiffti ff fffici ftcficroi 
f ft I iti (it 1 


•iflfiiftfti ettf 



«(SfWtC’f 


frw*tNn»t ^*1 <i» m 

nn i wi, «•! 

ww*srtff uti m cvif»i 

*fft:<i ffVftff f5if 1 If 

fiff 4 fw «<i 

fifw f fJFCf f ncf f I tfcfi *!tf5[¥ 

fniti—cisffif c*i\«i 'ff* 

ffir I fmfifw, ffcii <*il fff- 
ffM ’ftfcf^r ctVffSt tfwf 

•Iftrftr trfiC'fl (Fluorescence)| 
(Phosphorescence), (Radioac¬ 
tivity) fimfilWI Cf C^Pi 

ffff lllf W ^Itll f1- 

nf^n veil ffSti 9IU fc«f aril 

TOfi ^tci cf, If 

<•! fknxM *fff« ww I 

•«9cn f^WtCHff <il ftltf vm «IC« 

%i«vtc«« ^cftf faintfi fci cfiwff 
fiffttfl Vltfef« iTNftf«tCf «iltfw ft I 
ft Cftf. W fWT W 

«iiff3rf%t'5(5 •itm fWir^*\ fitwiii 
f«f^l ctff ffvlitif «r^ti ft« cf, 
citfit twr ftft if^i f«f ff <fc¥ 
iftr Piffl <fl 

W ail flf^t «tfafiin (Contiauoai) I 
Ufkw fi fl fiew w 

41 Cftf mft* Cft ft iRff 


fTtw> 4| iRfrfrftc^ cf% |i fitfi 
ff ft ft 4 ftffirrf fMc# Cftf 
4 ttf f fitfItfftf fUf f f ft I ftltftf 
ftitl »flfl 4^ fCffltf ftitl ff|^ 
fftftf 4te Cffi CffI ff« CfWtfJ- 
ftf: 1938 ftcf CKffff fff Itifftf 
»ew WfCftf aiff «ff< ftCf fCffftf 
ftff ffWf, fff 4| ^ff ftffiCfl 
ffft ntf 4fi 4ftwiti ft*rftf^cf ftftf 
fiftf fftcf friffttfffftf fcvwtffcf 
fif*t« fff ’tft tff ftcfi nitftfft 
fff fcfftf I f'fit ftfci fff 4 ^tcfi 
ffef ff 4 CfCiffCfl fltfftl ffl- 
fWf fW 4*t< fffff Cffi ftl 4^^ tfil 
fffff CftW ftl fM^ I 4lfl 

4l ftfttf cf tit^tf Ilf I fffifii tni 

irfitf fifft fit ’f^ftf 

fts WCf ft^f I 

ftPnrti 15 etft 

HMni fff 4efI ftln Cftf 4fw 
ftffiPfl ^ fttl 4f| fftWtfft ffft 
Cftf f 1 <Mf ftf I 

fw f it ftf, cfft fw ftf ttf 1 ff r ftci 

4fI l«fIf fKWf 1 ff • f^ i«wft. 

1ft fk* 4r*ff« ftiff ftfrtfi itDf 
mfttffc f f Iwfitf 1 ffw I fifiii 
4fffl W Ilffti 4fff^ Cffttli Cfiftf tf 

• fftii fffiriiR ftftf, ft«m fcff. 



( j i i i TM 4 «CTtW 


^ 'iftri I ftf \n mtf 

’iifiwj *riwi!*Pi» Mi 

l|«^ Ml ^CT ¥H ffiF. 

fif?l Cftai >mw fiRPI w«- 

fit ’•t cmm n fit* *iffC¥ 

OOOO OOOOO O OO 

o 
o 
o 

w 




OOOOg © ^ OO O 

OOOO^QXooo 
^ 000 ^ %^ 000 

oo^o^Q^°gg^ 
gOOO0 q§8§oc 

OOOO oooOOOC 


mem xii 

(Azimuth) «ift (Aii») 

iwti im¥ I 

ffi ^fk wnt*i iftffi wrrf) 

MH ifiFw ^CTffi trfKfwi 
W fNil «!7t< f%> l^r fWI iiw« 

iwtf Htn*m 

*1% CWM (Reiultant fi.ld) Mfii 
w, fi c^cf ff 

I flf«i 

attfti (Inctantaneous) C9C9f 

’HttilH iW «lf^|5 «r\i tfll 9f^15 f^l 
ftff 11 c«n 1 

*ititin: iftncn fif«f 'it-r citf 
Ml iitifu ftirt iififfwi 


•mriifii laf^f ^ititsii15i ntif5ii 
ill 1 i-ciiti ft Cl m iitiri 
Cliff n» 1 fit* 

fuf^ci itiiifcf fft^i uttii 
(Polarisation; ft I lllfll fi*C1f 
fta ifafli n (itwci 
(Dipole) ajaitt ICt f t?«f il] 
fi9[ Cl, wfi Htfii 
iff tculi If, w fnwfif iit^i 
cwfSi ftifii in Mi)n^ lit 111^1 
itfl m twill ifiwi ffci 
HI fit wti ifiiill iff ifili 
(Positron) 11 cMl ift ICI Itntlf 
flle^ ft «fKl IW I M- 
9C*ritijnw iw wfi iftftt tiWIit 
99 itfiiwi ifiiwi ftdw w- 
«f«t tf ^1 «tf Itnf (Electro* 


(Destructive interference) I'd Cftl 
iicm fitc^ •'f« c^wf ^911 
11 tf I fif iff ntfn ifinlti ifficur 
ItlKl inwtf cfW (Phase) iflW 
mm citl if, 111 fftotf fifht ml 
dcf fa^9 isftfl Ilin»|«*w If 9it 
milll 111*1 Cifi Iicim fitt« ••fi 

C99 liiti ifcf I fiftl nftitf-rimil 



Ocetf 


2ittn 

tttiMtsc pttbe) ’iimiMviiiEi i ftf ftl( 9 i- 4 i muDfo m 9 iw frtfi 2 it (919 
wtcii frtlmiiww (SfNttff) ftnEi miy? itli 
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<-^ffii 5r« W4iti ftffi*r ftwrw I 
¥fifti ♦ffiTOi ^ni TO'^- 
«tt4 \ 1. f CTO 

(Coherent) ten •ifi 

(Wavefront) >|W fl I TOfii 
(Coherence) >tto •liftl <>it4 WCW 
>ri|*I*ICl (dr) #flf1 « vitwtf 

4itTO ▼ 4 '• f If nr«»in ^tll 
<4<rfc4 mn f ft, 

Ac-iitwtJi ’iftfti fftfte ntTOn, 

c-’tF* ^wtcfi ifim, 

f^-/5c. dt, 

fif— dt. 

ti 

dt. 

/. Cu»<-4_» 1 

7c. dt Pit - 

.*. Cost- i —(1) 

pf* 

ftff«c*r« I 

•flf’llftW ^cfi ftftct 

fteti TO iflf 't 

»tlft4*n44 fi4ti csli ¥riftw^j ftsft 
»»wt^ fftfti t*nr ft«|ft« 
erftiftm vciai i ^ti pif•f. 

«4tc», *»4«K4 «ltpiltc#l 

y-fftro De Broglie TO•^I^ J 

»ftf l«t^ n^lfull ¥TO 

TOit ^TO^ fCifU flltci 

(1) TOti'WR 4<l^t ft 41 erif !• 


ftft»ii 4tl, wm W ii>li 
urtti w /«<1, lOM ffir 

ftfVll fUcTOl TO 41, TOITO 
ftn ff 41 I 

(2) Cft4 Itwci 

^-_L ftiift<ifi»*ef| 8 |jfti(ThresholJ) 
nTmn 4^414 I gTO ( C¥C4 4144 ) 

’fftsc4»r 4rf 4|f44 44ft|Hf. TO f4f411 

4ini41 

(3) 444/9-1, 4f4t^ Vfjifll ftc*l}l- 
(Ultrarelativisttc) fftftt TO 

fttfll Cfti 4c4tw 

014^ < -Co»‘*^^ V 

4c4fw V /j/ 

«l4t4 

1934 4tC4 aH44» 444 |^ftf4«l 
»4C1 4141 lf41 «r»tC4 V|tC4l4 4lf«*J4f| 
ftCf 4t44H ft4V. «44|' r»l4 *41 
4^4f» ftfVll®! 4"41# C4^f44> 441 
»Hni «e4tff»C4 44 af4c4f 4W 
TO4 4fl4l¥f4 ft4t4t4 44 
»tC 4 -if 5 ftC 44 ftflifCl ^ 44 lf 44 - 
^tt4T4«tf%Wc4Cf >m5'!f4¥ 41C4t 
4«4 4^411 df C4l ftC< C4C«4f ¥ 
»n44f; 4yfc4t>4 ni^TOti TOc# ^ 4(41 
f4W4 411 41 C4t4, CTO44« HfiaTO 
16| lw4 W n4tl<l t4« 4C444fftrtf 
m ^14 ftffTOI 4lt44tiwf4tfti 
44 I f%ft TOffr 4fll4 ftro •4TO4 
¥1441 

(1) #41tf TOTOI f4<4 ftf^icn 

gft4 TO44J 4ct 41 um ¥l 

^n4tf nNwf nllnlt I 

(2) 4lf%Wf CTO 4ilC4ti 



nfiflv •iWrttf 
Pw«ti ^ Cft<l 
wt nfK«f5r cw M» 

Wff^ltTfW rtlW ft^ fC> Jit t 

0) ’KWt f«npiin ▼« fifii w 

c^ii 

nt<fy wn 41ji ^ wfiJit 

cfci^fn nn4 ^tif«f« irtiti 

^Pici fznxv, Hw cvifsi jRci ^ni 

'•I Iff«1C» Brcmsstwh- 
Suni-^fifi Hfi^i f^rfir^ wffw^ i 

f#f C5rw» •fw- 

Jit wit 3ic^tw:«i *<1 nviJF 
¥i^i ffi^i •fffai nitjftftcf 

’tWlfiCff ¥W I fif^ Rfta »fC1 ftflf 
c¥ci >pifn «rt«t wt\ 
^wni ftml jffw, nw '«fl6 
jftftnr wtw « ^twi 

Co*<- 4- tilcf fp trf«*ff wm I 
PM 

••im ^cit^iftcn 

w csitwrs 

ifCTPitf tfff cffi cfi» fftJiJf 

« Clft» (Well 

collinated) lFfnvt«CiVf JttftCJir •('Itt 
cWr cf, f^ffn nww 

(Continuous) j •tff ^«tt¥ v^arvtf 
nfiftini JTtftwj wt9 w »tnni 
Wi >rtw >Tif» cfttn! c«tlM 
>iKf»ti^ cfCfJif^ ftfvtrri uifoitf 
f^iwi ticw ▼ilw^fcrfitoif fTfttf 
ftwi iftif «itrt« A 

ftfwcn ^n^irtn ^wiPri vn wi ftiori 
tifi i f t n rt^ yi mi ftlw* 


«cf«4iKnrtai 135 

tm iftm ipfffi, •!%, oiii%i 

ifil f«l <TO CfHW *iu«t 

>i^-fitlNn:f ^fillf fticf I M nitw 
W f<«t4^Cfl niJRfI Wl CKWf« 

«rf«ilf nwt 

f^fVlCTl ftttfl 4^ I f#f J|lt*l^* 
jrt«K’i« fffWi w# 

«i1f cilwu fcf iitc#^i <iJt^i 

ft ttu 1 f«tt« ww\ iw« 
>rt«tPi wf$t w '•w ittyi 

I '««*T C?C* iftWtf 
'Jlflt (Thre«h*>ld 

ererijiy) ^5 M'. ipfWtf ftfflCH 

>rc^tw c¥M wt\ ^TtncftPf wnK 

nytTiftPi ^t^w %rtm ftmtfi 

*itffc*it cKi’i^ f^fV- 
IMl «i%f «rtti Witt I 

Cfmwm «rcift 

c5ciiif» «rcitc<f 

fWiiJi w €i|f»f'iflH tt aff flr»ri ^citri<« 

fcitfl fir#t *<^11. ftcMi: 

nri^fir<# •f»Kf<wi w nftiifiinif iPfi 
cmw «<l ftff«i* tfcitciff ?M ff#l 
fiw icftf I 

’w»l W9t*j< w ttwnt witf’ntwtffi 
wi 

1. i <s(citi( 

ntiJitiftf •iff^Pntf m^ntt in?, 
•’flSrftlJ! *Mf (ScintUlatfon counttt) 
fti c5rfJi¥« ^incff <rcffiiffif 
vif5[*n^i .W«m w ^4f%l <«ctJr 
Wfflf >iwfM M wpit w PiWiI 
cwMwt^ cfCfjffv ^mc«t 
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(f) csnwi ftfwnr wm tff 
•ItWtf f ftfti I 

mTn^ fppptf wf ^(f ■!« 

fttV, W ifv 

fii 

H) fSinivi »rtftcv c»t^ 

wi if*#! wi, cfftw 

Iiitf «tr«M ^fc», W ff¥ 

»r^ »r'*!f cf<n cti. f^*wi 

w¥ ft« c¥rc*i I 

(¥J <¥t¥ UUi «|¥»l ffW 

w^ti ¥f^fti r.^nMn crw^ 

«riw ^tf itv r 

c¥Cfsif« Princff 

W¥i c«F««f5i nriiM Rf If n 

c¥CT« «r»iff5¥ fiici i 

2, (Stftiiiliurd)lltCi|f¥>-^a| fMrC*t 

^f¥i1 iflf^, ift^W 

¥mt¥t¥, ¥n>n-¥lflC¥T 
¥tc^ 5T5ttCfm5I^^ *rHt5 « f^fH 

5i45*5t RfC¥f¥ Stftfl W I 

fff 5t5 5ftl C«5* 

lTiP#¥ 51 ^in Cft5 f^MItniC^I 5J5- 
ftcif ¥CT C5 nw^ ¥ftC¥t¥-»^¥ r^^tl ¥11 
¥•1 <C1C¥. ¥«¥ ^*1511311 5<f1 t?f¥f 
¥tC¥ ¥1 ¥1 *n li:5fll W >|Cf 
¥t#¥tfi»f« l¥¥nc«f im«1« ff I 
f¥f C¥ff|FI RllcsrCtfCni 
*1C1^51C¥CW¥¥ ff¥tWl UHtl ¥W 
C5¥ftl « mf^fW <«¥ Clt^l ^n¥- 
5tm¥*5t ¥Urt1 ^t¥t¥-i^¥ ^15 

VCiClt 1 «|1 ¥tfW1 flCT Rn¥J¥- 

lit (fcini «ii^ 


itvfiti Afirt. ¥ti¥t4cHi 

iKfI iwtfttn fimtfiii ¥11 iti * 

¥1|¥ il¥< ¥#lt¥ ¥t¥tl ¥t eitl 
Ihutir ¥ i<i^-¥i¥ 
^itwr nfliW ¥11 ifti ititwfti 
•ttHnif^f cifti ¥m W5ffifi¥ ¥t¥w 
¥l¥fl¥ ¥nftlfl¥ ¥t¥tll 
C¥3irinil iff ¥¥¥ Rtwtf-tmi 
f^niffin ft, ¥ti ¥1 

fiiiHf itt¥ ¥11 tn¥¥iin ififf 
wrlCftt^ftni ¥<V {H»tMife) itn 
fulfil fl I ¥llf¥ Ktltt ifilti RlKlll 
?Snfiffr¥ n ¥f«ntirf ifii^cii ¥rtc¥t¥- 
¥l¥ltf fl H I ¥tltt IfCltfl- 

CltCl ¥1^ »1C1 C¥¥f*l Rlltin^Kll 

ittyiti 5fir^cii itiftii iflwtiti 

fill ¥11 in I 

¥| 4¥rcil ¥tC¥f¥-^«.l «tltl^lflflr 

¥l¥ntlfw ¥ ¥¥f|lll I ¥TWn ¥f ffltl 
¥«l¥tCl. ^1-ftwrCll ftWtlff H 
C¥1tr¥’fft<fi¥ri (Astrophyitct) ¥¥<tiCl 
¥| ¥¥tl ¥tWf¥ iUf 1 lllffl ¥Wf Cl^ 
lt¥imf ¥ ¥fllt¥l¥ I 

3. 3Il¥f1«i-¥lHt¥l| 

ntwtifi¥ fi«fci ^ir s^ii w-n 
(Accelerator) ilfiCll fcelft l¥Cll 
¥tl| wn ¥r¥C¥I *fftff¥ C*f¥tM- 

c¥t¥ti ftlorrli, •nrlim-ftw filarrii. 
Pn(3«»l. ¥‘t%*if ftICfitl Hffll 

\11 ffftl %f;i ici t¥eil*rti 
cfcii¥¥ ftffitii fifici fii-n Mail 
nfifin ¥cift«i I ¥l unm ¥¥i ¥tw 
«t¥4«l nPtn Cf¥f¥ ¥tlft¥ ¥fT¥tC¥ 
ifil ¥n¥ fCl, ¥af« lUfHitl #1- 





irf^ m ftcfi '•w fftfH»liin 
fCTi wwrf^-tr#jwf 
frtjw cfwi ircittt ^wi «f>* 
*rtfif 1 mnm ▼« nn, ft 

^rw <rcitff\f ^fi A 
•nf«ltf wftf ftfjcfi cw« csciffw 
>!t<f Wn 11! 

citw ftcu 111 ifiiti cm 
A 'ffirnii itwf in ftci ntri lit 
ififtl CIC* flfll ff^ IW! 
mfii icf fimiti ciciifi nfiR! 
i inverte Cerenkov Effect) l**^!*! 

flfftiPtf nf» ffifii fci itif cftfr 
cit^ Cl. fi 111 c^Wf t 

^«.il ntfcii fwtftf cvn ff| 
itci i 

4. WupPCltlllfl 

irtWTfFl flKl, C5CIW 

% 

fiintfi itiftu cf ti ntf rt iftiti 

ir»w im *nu Pfi 
{fiwt ifl nifi <nwii itfjw 

ififti ifitii fifct ititftcin mil 

*fi^ fi ^fi iircifi ufifti fell 
iw ftf^t fii: «fl <4fil t^ncfwi- 


fllni wtff4 

•ffltl tfCf fit 

itiffii Iw 'irttK% <«w 

(Coulomb tcattenof) fi^ 
cifici^tri ilifti ifcii fci.f^i in 
M n I <•! ti fn nfifii 

ftffw futftii itfl M^i fftfti 

ifm*! inl fin"! in ^ 

ntClTfll Cfllfl fitf n* 

cmi csniff fifiKii mtci i< ii 
iitu idcn fi nf4f fcittii ftt 
fim fcili Mti m Cl ffito ti 
fiif1in..itc«irfi nil 

fTWtf'fWtl^Cfl ftltCl ftf Itl! 

fifffti« wnii I If f^ffii cii fn 
fifurri ftniitii ni if 

■^fi-fiin fftwtfwti itn cfci nri 

ftfiin* 11 11 fiici inn i icii i 
wff nil 11 fiffiil mrv fn'i» 
luflci ntfiili ff Cl Cl f flw I i4iti 

eici f ttiffti cKiiff fifin 4 | wim 
Iffc llflffl Itl—lfU ifilif w ♦ 
ftfCfi fl cmiff Wfw iicK 
fini 1*1 ftfiitu iifttlti- 
ntivfiw I 



Cf* 


•fftf x^ 

oqv ftt^« «•! cfWf ftnrf^t»n- 

tifiin ^f»rfi <rtii »{wti fwi 

> orc^« f^f®f nrtPi 

UiT^wPn 4if«f>i ftifiw 

irrv ( >T^ fV<Riwcfi «rc«rvU 

fi«i I ^<Tt«rt¥ii 

fwr <rf^f, wtinitn, 

«Tt% '# ^ wwr ««trsi¥tf 

^ «fwtsr fti ^ki*r r 

♦tnr« iitrr4 cwwi n^irtw« 

nftw ¥ftin» «i| *ri 

fti ^lN¥fl iwl •tiffi ft1 

thw 4er5pi'i Pi¥i iiifti 

iifi ittm '• 1WI 

tfttJti vtitwi fSii'i wtini itar?ht 

f^tr« »rrft^r wnm i til m wtttPif 

w t!*! tntit% I wffi 

tfn fStwir fi«f, ni ^»ttr 

tw V ’Tff fiw 

*rti citi <1 cni '•^n ifttfrti 
ftt«f ci«r cw fwt^^ii Jfi 
fhrt«Ki wftii wcf wtwii ^^ 

itft« wff «cf>i 

mtvm «tiw ni fi^/t<i f^- 

^ntnw m 

irtni fH cf, <rcw tcf 


ni¥»i ntM flw wwt«i, • IN* 
Pr<w» fnfiti, frit 
iflwtftcwi srN^, w%iif, (Nw- 
mm, '•f^it, 

wf^, *TtMl^r, •rtitft* «Tf» fiw 

<i| *if 4rtltjr «iifi «fitw NtftwNii 
f^cw >ft«, «Kt 

fNrf» Ufk^ n^ilftfi iifi Nw 

c«fc¥ it m fNfwntw ¥»o ifsn iti i 

«Tt5tjf wtftif iNtw 

mVxs *ttiri itw« ^f^tf 

itI fitfiifii »rt? 

•rtfinitwi itiitiNfii ••riti ftcii 
ffw fin it fitfiifu ftf 1 fn I 
iftitf 1WT it fNTwtiijltw 

Ifi, ntw, 4?N «iFf« nn ntn 
Him mm Hfanmi hNI 
itf Cl, wm i-iti Net- 

ftwi €tlfl HflCHf n ItHI H 

IfWflttHM Htw I 

it Wi»t«Kf mxw ftHfl 
Him HICWI IITiHti HUHH H 
HWttfl HHIH fH ftwii HWftf 
HiWtlf iltltH HHlHf HWH HTl 
H|i ftw itiwi mji fci 

itnni t c^ ftn hih Hf w h 

• ttw in m 1 HHi| <t^it 
IMftir, cw tlWhtIfi mm(, Nifi 



iTOif iittinr nUcfn tiw vtnvrcv %t 

t P» iw «i ^r^rti cwtv •iwfcw cifci^ (% nff^ ^ il|f 

5flW*l f fifV<*t1* <*f'f>| <f9f<iihcv >lt<Wn ft I 4¥tW'f 

Pwit**i •iPinw<i ctf-cvrtw, •f^Nf <ttfi «ff¥ ipr 'n ffi oil 

¥triw%iti^, f%- fHftftitii tjtfi d^if #1 1^ 

TI, ¥i|f >H1^»I *(*C^%iWI 


cf^wfnni 

nt¥f»¥ WfWCTJ •fftft 

•Tt¥ii ¥tii ifWirii itwi wr^tf 
¥*ff» ▼WfiKWI ¥CT ff -ais 
nW ¥<rji¥t« sttftti I mpfzwm 
W%I!T1 ¥tf?4t ^fnm Wtcii 

Wlwtff ^ c«fC¥ wt^l ^ff C¥. Wl#Tl 

f¥ c»it:fi nvfi ¥fC¥ 

*ftlC¥¥f 

¥rt»l¥ ¥tic¥ ff4^ I cn 

lint ftn^fwtnt'9fift mirr «is % 

^ Tfi nficfrwii^T 

••t €rf¥ fwi nf* 

WOT OT•^ «f¥ fn 

¥ttW fhrtf-Wtf s|fC«I 

f^Wl CT¥ftt flR tlWOT I 

‘•<itOTti nw^l, ^^tfy^t mvtiiwt 
fwt^cTf *it¥ 5fifffii« 

wwi 

^ ¥f«wfl <OT> C^ JflUtlrt 
^tf*N ft! w vn <1 a»t«|*fl 
^tfM* «OT> fwM fWft w fcfc y 
<tt fitcOT yfi, y tn^ yf% 


«it*pft Piffwf wtwfn ff ynt ^nrflR— 
cn «iyr»f ytcf i c¥t c¥t wr 
cnn iifPfi m wrtf«¥f 
yttti ¥cw m-rnt mt »tf^ci «c¥ 
c¥t* wtr^ ^<iri ¥11 fticf I 
ifWf ciVffC^lf 

flf¥W C¥W w C^¥l< ¥ 

ft?t¥ ¥ltfC¥ rt% "Itf, 

snf^¥««. wjf¥«, *rfw, 

c¥TTf^i, y^fOT fSfyi 

COTtl ^^1 fti*l I 

«*tti¥T« yirf*f¥^c¥f ifw Hrwyy, 
«taBy, Wfin. ffftOT fill. 

y-nifv, 

wim flfCM flfjfyi ¥*« 

<HOTt¥ >iin ttt lOTtytifiiwi 

WtftOT f^f«I ¥t^cit¥ ¥ttOTtiyfrt*f¥|«f 

¥S^?¥lt^l flfjfy ¥!!¥ <«f*rfn filWif 

tpM ¥tiC¥* I Wtl ¥W 

yw ffCOT "rttf *rfff^ OTftctf I 

fltcw JTtrSf W9 IffnRW ¥ ¥ff¥ftf 
f^f¥ tf«y n\ wftiN ^k¥i %¥ii 
¥t¥1l Ia Pi^ W ¥f¥yfllrt¥ 
¥OT ¥ffOTfl Hw? 

Iff^rf^yi fCOT ^t¥, 1-^ ¥fff¥ 

i-OT. 5|f« yff ¥¥¥¥ iffSff •rtly ^ 
■ryf^tw ¥ffci ¥rtcOT i 

¥l ««¥ fir f»| ¥# 





fw mtM cw fti 
c’lt «l WwrTOr «f% ftifi ^itw tw 
wi¥ w ^ cw new 

viw fcwi I vtrni c*rppi nctl 

fttRit»itf wtm •it'tfi 

enwt ^jew ftntfwt^icii ftw 
wif iit*r iicw ¥fi« fcifiw f 
<MtP! •!! f»f3| "TtP iff 

«! wn ^» 

<11 iti ci^i-itar f ni i 

oil! fiifiwtiicf ifiti 111 nifw 

iit«M I «f« ff< £»m<»ifi irwf 
•ft tfJCl-rttli ltl*ftt«ll fkXM 

w nti ^r«i fj«» fw <wrt< 
n IK^ll atl’ljf ?c<l m H'm 
iti <wTw iiw 'ircfi 

nc^i! ,4^3r Itl <WJt*ff I «l| fn- 

fiitici oil n^i <witn<t 

uni I itititti itKti mtM fiwti^cwi 
citi wi im 11 1 iiawi 

ititn fii «t*!i wtitcif wn 
itii. im, 11 tijtff cf«t ic'in 
wttii 1 ifm ntftii fill nh 
I fiitfiiiiai m iti 1 iwtififi 
Itfifll 1 11 fn HP ItWtlClCflTl 

111 tni I 

lufiii mm ffCl «tini. c<H 

nfiwitufi fii 15 1 ^tfsitm i 

«ftiiti iih 1 <11 If <iiiifirf 
i^#ti itt ififtiiti in «•! Kifiii 
ifCTi wtt ifii liJtfiri itwtw 
mn wci If TO ftf ^ifli i c^- 
•rtwltcff i^uiidl imiwc^it 
Tow 11 fiKH I it TO Uto 
1< HfUTO TOW^tH^t flW I 11 


ftiw fiitiffim itiTO 
fif uni CTO 1 TO11 <TOfiH 

(^tUfifiii fft ifitim iliniTO 

stiiti tg *!(f§i tfci citf itmi I 
it^ltii w Hint 111, (TOititi 1 
llfin HCTOtl mK TOll l < Clf» 
Iff! it cin TOti w 111 11 , 
ifirt lit 11 111 4»im: imtici 

Uff TO fOlffl, IMtfi ^lltlPIl 
TO iNfin iinl wen HHti 
TO cii I <nit5ti^ ifwc^ m 
cm iH ntitf wn ni<i finJNirti 
uTOfi '*tf«ii lyift* wti 

in it i< iti»iti c<\i n c<Vi 
trliiiftii 4JcitTOi nWi ^ni i it 
11 i4^i cTOifin TO TO fi, iffi, 
itii 11 mfiitii, fiiti flffis 11 
titn icf f cifti I «tt?ticiit awn 
itcii iciT niffi il 11 tun aiitiu 
fii It firci 1 

itwi fll lift flllt fllfiltll 
lilt I 111 ^1 fi*? n%f i 

ptiffn Hit*, icilif, fill, fi.ifiw, 
full, nrifiti liiiff cifsi cm it 
fiifiitiiti ficni flit TO TO 
ififtl citi ftifirn itfi mitipwi 
lltlftl Ifltlf 1 will 1 €tJ|l 
fiiii tiTtft cm TOTOi itnij- 
Wti TO TOi Iff I nifil cm 
CTO cm cl. it fiifiitii Hit cftn 
(IFW Ititl m IWI TOtlt tlfi TO 
n fit! TO TOl fti lift* ifTO 
titmiiiii iifm TOtwi 
imTO ittfimi TOitfn li 

ntifi cm iw TO^ ntii^irlW* 





Id fWt m nfNiv 

m utiti 

fdff*! wi wet Cft*t 

^fciflm 

fitftvNtll ifdttwi 

ft'lCl Wt^ fW C^MWI fNfilf»wj8 
fdtl t^w ^rtnc^CTi •ft 
fiH!i «1N w <d fi»i futdcf 

1600 mw. 800 f11 frt^trilN 
««i fini tmtt « i^nfift^ 
n*v«t—4¥jl «rwt4 ^£*r* 

^t. nfwt fi nf^* *tt\ f^fwt 
«*5lf C^Vl Wr^fl «FC» 

¥«ti wcw cfariw c»t4'« 
•tf4« ffpfi 4tf«l « W9i9 4^1f 
^f#W 4l •ff<« fNlfi «f^l* 
c-ilN fisiUi ww «rf«1li 

fi Wf 4f 

•mtttf ftti »tt« fkww iftfn 
•rff« wt^% « 4rr»1fC4«i ’iiir»i^c«n ttn- 
«jf5l4 fwti 9tt «tti fi*n 
ntrtn^c^f ft4 ^15 i 

ftlcn W f^lCH ffC#l %% nwi 

4CTf irf^tiftw •» wtww ifdf 18 * 

ftif f#i *41 4r*4ti ffcti fi*r 

4Wl^ «Nt4 4rd^*W. C4^ Pfci 
ewt fcifw «ft4 iNlc«f 
4fWl f4^t«H *4fm« fitK^ tc««i 
4*R4«ll^ ft« 4fl8 fdtt fsft 

*• «t^ci« «d«i8 cirfitvfi 1V9I <4l 
wftnM tfcf am ^itf ci. *•! ^4ti«- 
w^ ffwi w »w}t*rffiif wi»18 «<4- 
(4^ fw ( 4Ni^ 4d; not 

^ ▼iftftfH nm^r 


wdf I ftintH fM ^ 

wwi wi f^w dff't* 

4t 4411 fCl Hdi 

fi?41 4t4tl4«l 41 

Ic^f Hft mw iiiff t«»i *4| 

|4tf'BtP< C4r4tC4 Itllnf 

4r*r^4j 4T»ft4 f«i r44 *444 ant«i 

CtC4 4C4l 4t4 4tf1 >• ftff |4- 

4tfJ|« Wtm 411 ^*f44J ffd w» flR \ 

f4*tt4 twirl f44 44r4fr« vncwji 
*ii»4 '«44 ficf fi- 

ffCI4 *444 >|«4 •rit4plC4r 4C14 ntl 
4»4r4ftf lifiwtfti ffir^ twii cft4 
flfll 4Clf4t441 till *44f44tf ITtl 
4-i’ fji If r4-lt4 ftttl <444 II «4- 
ftfm 4 ft llttCWW 4t4J 4tPfW 
IfCllt l| -^tltl iTfi f 4! fi«4 CtfCM I 

4C14 4tl 4f4« 41 4^41 ¥11 C4ll4 €4. 
sfm^tl 4t¥¥f4 4¥ tjj fw C4, 4W 
4C11 awf^i C44 C4t4f 4C4; f4W cJC¥W I 
4f¥541 >fr¥t44 4'« f4¥ C4, 4W 

4CWt C4«r4 C44 £«tIC44ll flHtf 4£47 
fin nm 44t4fti litiw^fii iti 
fw l^lCf Itfl 2f4ff< itCfl Ifltf 
fl4 4t4l if4 till ICIII 

4«n« iri^fl ffl Tl ¥t¥¥lt fill 

fffflil fif 414 ¥11 <444 4441 ff-t 

114491 44 f f 4 9{<S 11 ¥111 

flf*|4| «4( ¥ llirff ly 44lC4 
fi tr^ 444 cnfii « iftfftffii ifiw 
fitf I 

fftifti fnif 41 iiffiirnffii w 

ffClH fdfrci f 4tfi4fftC4 Ufl ¥11 

idftii *4trc4 Hi nit^fi 
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m 


fWl ^t9 

i% ft»ii ‘inMil’« 

•wiff* iirtf nrtwti fi <Pwtni 

H"! 1 fkn wwwf 

fHwi »«ff iw latfR 

^rfiift# fi«i ^vri ^ I ••iirwfi 
fw «tW*n ¥W ITj I 

*ifwi '• <tvi <tt?N «twn#i 

wtt ciil fif^ 

witw nft« nPwr 'i^ci 

wtf 
fw I 

^ ni fi w 

w fircv itw 
•mftw '•U iinif 'itPf'i fi» oil 
«tW1 »r»W 

I cf I ^r»i^ c^, <j4ntwi 

(Aiw *f5iw%in’ 

¥11 infi»ii ¥W1 C¥^ C¥^ iw Cl, 
ItCl ¥¥ 1C¥1 ItltlRtW 
Itl Cf¥11 H I 

imti i¥ fitfiitficif¥ ¥rrf¥ 

(V^'fkim if?ci ncffwi 

W ClC¥ 1¥ ft¥tl^ ¥lfw f^¥fl mw 
nt¥l¥ll ¥frw 11 tnrtllff ¥UW¥ 
HirHlt ¥lltl uill fwi «?! iw 
ftffMHtl, C¥ltf¥l, Wtf, 
ftwii* llt¥l*l ffcil tcwiltlj 1 
¥| ¥irt1¥t?l *|fW « 

^tlt4 iltfiw ¥¥1^ ¥11 lC¥t I 

<l¥t¥¥tl «ltl ^(^m¥l 111 f|¥ l|tlt4 
^IWtintW ¥1^ ¥ltC¥l dl nfwii¥ 
flW ’1t¥|ll f ¥ltl¥tl limW ¥«M* 
•Tfwi iwr fliw nt«t4 iit¥i ¥H%. 


■tift % (♦tf ft*r«¥ % c»fe»3^ 
«¥f¥l¥f¥. If 19 («ti ¥misi fiw 
¥t<\ci), %•, f¥lfi It, 

Cltllt, ¥¥flt¥ 1|%4» 

’Wi. ¥1¥ •!¥¥, ¥ltltf¥¥ 

¥f¥ltflf9.- V«f¥l¥t. IW^ 

fh¥l Hwfl < wih )l 

A fWfl¥t¥CT «ltl Wt^ ftttl PwHt 
fllWf ¥ir¥l ¥f^ 114 ¥1 ¥tft4 
ri% "rtf fHfi fiwFii ¥im ¥¥lif 

lf¥i ¥ lu 75 cif> Cltt lf¥f f|¥ I 

•T«>¥¥fl« in ftwi Cl^in f¥ltl 
m ¥t«itftf 1203 iitr¥¥l fiifiwfiif 
111 

¥!¥¥ flltl fil flltni ¥tl ¥¥# 

ftl7t¥ fllf^¥ll ¥fl¥ ¥ttl Cl, 
lt¥1 ltinl¥ ¥t flltl ¥C11I 

¥ltl¥tl ¥llt*ffni IWJ ITtKltH filW 
11 ¥^f«ti tti¥t ntnf«¥ fiffiwr I 

■iprt 

•lf¥l ¥tlC¥l ¥Tf«t¥lt¥-¥l ¥«¥ 
nif¥ itci ¥¥ll ftiitfi irtJti Miwfn 
fim 4^ fllftfliKll IJtfil Cfl-^tfW 
1%C1 ¥C¥f|<lt flci¥ <¥t¥¥ If m 
¥ltn fiftftttl ¥l¥ ttf W l ¥fl9 
ttiN fWltflff 1¥ ¥ltl¥tf IPITW 
¥ itrwtf ¥iifn iftn-iffi fiwpr I 
¥K¥t¥l in itltm *¥lt¥!’l f|¥ 
ennui nl^ fiff^m W 

ifn ¥n cfw Cl, wi 
■nf^n’' itifi ¥ nf* tiff tfiN 
¥ttl«l f| ctl ^iMur *¥lt^ 



^.msi 

«<W<r 4H?| *•! #lrl nWHi *wtl ftW 
i!<t«<t #n CW ^ ^ 

<wi!®f iMrf't ^^>rtar ^id cww 
•ttftfifi '•fU 4t^l^ ft t fr il n ft»n 


.. fi 

^iNiW ^utt f¥fi <ifliih:w cff <ifiifti 
PWFt^ fNiMhi WUR f ffiN ftICiW 
■wm 'wt^ iNtilsiic* Nffitti wn 
•IfOTt fill i^ilWWtf <f 




cm PF r 


VClfl #ft¥l ^%Cfl ••« 

fw fwtwfJit^n ifi«i ’Pti fii cw— 
G, tntW* #f¥ h, Iwf* 
14^ e «rff« I f%f 4| n^ *‘w- 

■fff f%?1, ^^Tfl <9t9l *!W1 
w *jftpf%^ M—‘•I ^tf ?KfSR tn 
pitwtwi itfpin fti*n, fff« 
‘PtP *t4« <0^ iprtl Cfta»« 

^t« ntwii I fNn 

^c#i Ti*ft« finite, mm cnw 

«ttl35^HTWI 

f«itC¥«<Mnd 

1937 m 1938 llfrf ^ 

•Pit l%it¥ nw cf, fftWhi w G 
^«ti mm ffi <fffff^ « 

•f tww fiy w«% dCTT *r# ^rtn— 
Pin W*r c^ fifti fnw j 
fftjwi <fw%d vfinilt pRPi 
Nnni (Uaivcnt) njl Plf^ tv 
m wv ntm ftt wn nm 
nw fnmi wi n wi ww 
<tv nm, mm iriwM m 4N 2 


(1 «rn-lO» pn)i 4| wtf 

^ff *ftlHtlf<f ft«) »(t>« dPfOW 

cftai’e Pin* p«fi , (cfptcp m - 
ro^c* t 

«*> 

>wlwf pw c-*^i:ir «ftt»rttff 
df%cp<rHi rnffifr mwm m ft, to 

ntt w wm TO TO «rrt 7 xio»*i 

<«| Ufar PIflJ Icdft? « «f|> C4llWf 
(9t iHp) PiprTO « «rftf<h[ 

TOi pittt* f y-*?-^ 

V G«e»p / 

2-3xl0»*-*if ftTOttfl Pff ifTOl Pit 
cTO« ntnitTOpp Piftf PtfH m tl, Pil 
' pw nti:«t piTO TO 2’3xio*»-<i 
TOtftfIt TO I fiTO Cft! fflif Cf* 
ntiTOff¥PiTO nrtrtv ntn 

TO TOftff nt* ^wTO inrl%¥ 
« TOf TOtm <y) dtWf 

TOW I xtf* mt§ fiitf nrm 

f^lHrl^t* TO flWf. 

4tl«tt ni TO# Pirci TO TOU 

TOW I TO mpm TO# TO, 

* w#-fwn ff TO, TO« a n. ^ 

TOW*€TOF^11 



144 


<11 44 114^ 

4tfCWI ^rw WH1 4lt» mfl 
ffl ifwc*. W 414-444-141W1 414 
4t«HfWw4 10‘® 4CT, W y-vfll 
lt44 10 * *-41 4t4t4tff 4CT ltWt4 
JPf¥ 4t4 ^f« y JfTf 4f, 44tfl ffli 
nrf 4tf 41 ift 4111 StNflf 4ll4f5n 
41 41^ •fl*4Cil 4«r Pifll f«4 4tCWl 
mjytf iffifiif 14 <44fiil^^1f i«iff 
i|t4tC41 4| fillet 111 fC4 Cl. 

Htl?[l <JPf4 G 4im 414 ITlftfltll 
♦tfllffl ft 4«fc<, G<t**. t 

f«ll4 «fWl41tl flCltf^ 

1948 #14 cllti flitlll srimti 
fintfiUl 4114 I fllf^f Itlll 4lftClT 
C44t4 C4, 14^4 4F144f4 4fll<4sr^ 
411 t^Cflf 41414^4 flfOFII ClVl 
itVl 111 fill flfl Cl4t4 Cl, irtl 
'^ir (Luminoiity) L<G’M®, Cl4tl4 
411 f4itl4f «ritlJ»1 4flrin 
G 4t% 41111 414 iTltintl'l 
41, in ♦nfi^ 41^411 C414 *11^, 
L<M*r*—'(1)1 clltl 4111 Cf4l4 Cl, 
iM G 4411 M nfllfll 41, 111 Cl^fl4 
Himi 4114411^ *5^11^ 444141 

lrt4t< CM -11 414 1111rtt<?1 4 C 1 I 

(<44tl4 4444C4 lll4tl 111 

C4111 4014) 444141 

lf4t<r fW, —(2) J 41411 Itfl. 

®|f^*flkl Itnitll (414 <41414^ 
4^4tril ^1 1 44 (414 uMlci 

4141 4%1 4fl4l4 Hm 4t4t 'dw 
HW <414 4tfi fji i<fK r-H 


#41 Wl 4Wi 1# 44 1^ f^ldCli 
IW 111 (Ul^)* -H 

<4411 ^-41 4li|4t<l1 411 

[41^411 (1) 1 (2)^414t4fW 3 I UllH 
114 2 If4 fn <#4U C4<rtlC4. #4111 
4M1 <441lf1 <4tl Cltf 4tl(2-3)xlO* 
141 1114 4fit?1^cll lllltll ffl 1141 
iJJlfifl 414141?? i 4<r^ # 411 4131- 

ifiri 44 4^4 mu 4ifr«i i 4# 4141 

«}^1 1411141 414 1 ffl <1411 

4t«11 C4C4 Cl, ^ 440 HI#! 

iRn ft4f 4111 < 41W 4^ flllCl 

#4l1l 411 1111 Cl. #rirt%l 440 4f41^1 
liniW 4tl« 41 fw I 

Chilli «ri4 wfii nil 41 cuifi- 
filfll lltrfll 111 2 #44 41, 10 #44 
111 114 41114 1 I#11l4 4410H 04 

111 11 9 25 #14 I 4# 04 <44ltlt 
ftlll 4«4 Clll lICl Cl, (2“3)xlO* 
141 4114 *(f##l4t^l 4141111 «t#l 14- 
11141 #41^ f44 I 44.1 4111 404 #44 
4tt4 4f4l^l 4141111 «rt#lfl I?1l41tll41 
4C4 444^1' fill 4111^ <41411 4# 
f4ltCl# #4^14 4# <1, f4ltl41 «4tl41 
#4 41 <4<#®. G 4401 414 4fl4f44 
41411 

dltlO 41411 4141141 (4 1 11 1 41 

(PocbcKk) 4(4titi.#ft#'4 (Schwirzdiad) 
^ 44f^ 4f# #4^14 441 

#l44|fl4 4fO##1lll 4'hfllll #111 (4411 
<4, Tt#l 4^ 4 1 # #44tCl 414 4C#1 
ItllflOW 14411 4i44W TO4W^ 40 
C44 <40 4l 44# 414 #449 4t40l 
(Red i£uii ttee}4§1« 4041. «tor«' 
44411 4f1^m 4# 4# fl#h| 4f1 
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ftni nwh «rfMi 

f itw n '’^twrwi 

uritft I 

^iMtf «MHi| 

^iiiiitf^ 311 ¥nt f«itw 
«wmtc¥ wtf%ii fici intcw ttift fJi 

«iitf^c¥ mw^ ffti fif^ 
fW CW» ^ e*<t tfll ft, G 
TO ?i TO« f«lt5¥l «Wt3Rl 

y<t fn ntcii '•im «*<t to 

wwnw ^*11 «ri ^ff 

•ifCf 5311 t a^itc^i 5ric*fi «if« *if- 
TOfl 15tHf«1 HWf 

¥tltflfi fC«1 I Slftin JP33FtlF 
(h) fTO J53» e*<t |C«i fine 

structure constant ’^ifW ■yfv 

<--£l-(c^tfa >!^m 

•h-c 

*TTOnfn i «* <-«i 

*ncn >fcw TO li’TsI it^rnwi 

(Galaxy) TO *?l •lt«1 

(Red shift) TO Cftf«f^ 

TO tltCW fkZ9 TO WTOI 
nJtCTI TO33 Cftimtlffill (Quasar) c^ 
«p *tfisiW ilt^ WItfl Cf<1 3111, 

TO Wis e**4i 

TH 3ytirm 4FTO1 nfii^ ifii- 

TOl ftlCftlTO 1^1 »!tftc^ m C1I« 
•rfn—TO «i ♦IN I 

TO«l (Bahcall) ♦ >ltiRn^rf (Salpetcr) 
3C4IW 3C147 c¥lTOfi 

oin<fi\ Nc m ci^i flN ti ♦tirm 

^VtTOi (Fine atructtare aplfttiiig) 

TOinr <TO^ Cl, imcim 


a* 11 <-m •rfii#i HfHtTOi If { diTf 
RlTOftfN (Radio falaxy) iff^lCvTO 
TOTOtH ^rdltl -Z- W TO 01, TO 
r% TOtcn #TOf TO ♦« ill 
ifW • fW (Schmidt) TOTOMT TO 
TOTOl cm Itl, TO TOU cTOtltWl 
(3C219.3C234. 3C26,3C171, 3C79) CTO 
oill cfiticti w-Mj Mi TOii 
♦if-^TOn TO TOffi ♦Cl *111 
<(.Z*)/<(1ab) TO ftft TOl 1 

♦flCl <(-Z-) TO1 TO TOntltll Cl'tai 
r% ¥rircii Jifcfi iM <(iab) iwi 
fDvfitci aiffti «rf« "m 

♦then ♦sw TO I tOifi* *fti!i 

CftltTO It Clltl ftltlClf C^Cflll 
sifntfl ntl l ft ( <(-Z':s3*2)/<(lab)« 
1*031 ±0*002 >WtlT #15] I frttlff 
♦TOll TOf^t * *riCTI TO JlTOlRf 
nfilfbi fw ^nfii# araililf iti uti 
08 ftn feffll itfl 

•ifl#i irtciti TOftn fiTO Iff ciii 
♦tTOt TOt ♦cift i5irt« nicfi TO 
< sin e-4ff ifilTOl TOtlltC# itf^ 
♦Cl CffI 4| IITO TO ’♦tltf 

* ntwtm fit fci 1 

TOtv #vtfin 

intciti #itiTO e* sin Ti ♦then 
#if < new TO nf5if«# ff, 111 fcffn I 
fn tTOl ntWtfltl cm Cf*! Cl, 
♦tllTO (Constant)! ♦JtWtl «l#tllfl 
>h-ef #lf TO TO <^«il fit 
Iff a* 4n -h- t*Cf 1 ncfi TO #1^ 
ftci nflifn fit TO m ♦then w 
new TO nfiifTO fci n, #1 to #!♦» 



i« laswusiwi 


w •wti < m «**4i 
W ^CTl new f«l1 »IWTl 

fw 4rf%*jf fr»i'* -h- «fff »rv?ii w 

ft, w e*-««i fftii ^Ttf *rfi- 

^fSi<» ni ffm cfl, -k- e*- 

•ifit^CfI ftf *!fts« fW flf I 

>.)L^C¥ nttn ••flB *ftlftlf« 4f f 
me’ 

C 

•«* «rtfPw f it%fin «i fn «n f^rff 
4fllt?sitl >|tftW •ttl I fff G 

ti 

4Pff fi ^*n:w ^ti\ e» 

-Ij- hhcw »rif ftn *rf«tf»i 

»f, Wtt t*<t| ftt tw 

nn ctri c* <$nK -h- Hi 

tf mm fwet tf 

tit 5»i ow^ »t5ttf cffi ftit or, 
4 X10* ni tinn •fPfJIt wttwi «rt*li 
tttttHi fkm I oitf nttlf W e 
ti ffnt utttl inHI tt¥ I 

e-(jW 

<ijtc*ii 1967 f^tetr <rvtr-!ti <rtcti 
wt «, c ^iit »iiw fc«i 'Si 

C«W%I "Itt^ Ctt¥ '¥t¥¥1 (<> 

(fi) ¥*f1 ttlC¥ ¥lCfl 

•SI ¥l¥ C'SftlW (The, 

RaC mn\ AcC) ftutwt «}iw¥<r«tft¥ 
frti fN fittfi iftrst ti ct, 1958 

lltcf AcC ctFw nl^ 

mcM ctiftf*! ct, >itcti new e-wi nfl- 
t^f fff fw, mm til ffri 10*** ntwi 

Rc‘»^ wf\ Os‘«’-4il tlfww 
mm %tt ww wt^ 1967 fttrf cfwts 


cf, e-wf nfif^ fct wtwtn ’f^^N n* 
•w cfcf fitw nfi '•n nflwH 160 (hw 
fw I wf I 

<s¥l ffct entfn ntwtfti wit cfwtt 
cf,fff e ntiif ntw nfttfww ft, wit 
t’l^ttcw ^t^iw ^nft n^ nwtwwtw 
ffwit wtwttf wwf. tfwct wt ft ft I wt 

¥twi «*-ft nftt^t ten f^r«i 

cfiw trrw '•wil c^wi ftfwt nt- 
nitt fwj ct*t fw| nKwi cft! ctwi 
ttwet win nKwT ft! tt ctni tn i t?wt^ 
cnwtnt fnwtw wl ct, ntcit mw «-wt 
npit'/t fi ti, wtt fww wtt nfttti 

wt I 

U***-wf wfwtftw ftwtwiwt (Sponta* 
ncout fission) fllltWt ¥irn (Decay 
constant) tTt 'ffe ftf^ nifscw ft<l 
¥lf cnitB nw 2x10* tftt e**Wf 
nfiwictf ffcti Wntti tut 233 x 10“‘* 

w^n fit tm f^<t Witt I 

liil^w ttn f^i^cit cni-Hitftitt 
wt^ n^rfSfttt-wt'ft mft i^t ntfMti 

fsi* w nfn eMi nftwtctt ftitt 
tilt 5x10“* fit tw ft<f 

wnti 

Initt t itw l t i t cniw w^ tr^Ntti 
ft cf, ntift new e-41 nftt^i ft n i 
fiitt fwitiwi tntt wiftlt if^ ftw 
aiM w ntiftnftw fiFitfwtini tw 
i^rtw wwtti ntmftwn^ ctiwftiw, 
wet titttift wttti G-ti nf«t<t%«iiti 
flwttwtt ctiw ft I 

• ' fftWtt (0‘ Hanlott) • >rtl 
(Tam) ttsff G-tf nfit4t%nitt WW1 
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l!9S9 lNi?f «i«t<f veil 

cf.e*, h G ^cif *rrf 

JTftrrtm i f#i «itcirt c«rti 

W «. itlTf «•% 

cft«, fki « ni1*rtwi 

intit «itwfwfi cffi c«fii cf, 
>CfI ff fitter ^•fl f^lfivtl 
ftwra '•v. nt«it*ff<¥ wj 

^<ctf «rc5ifi fviiif G-41 •«ff»i€isn 
C4 fciflw, 


•ri^^rtf w»i mu w m |ftf 
iti • •rfcf I mu 

nr« « ni4tn «<»» • «ifNi *r^f 

*ltt44tl 4CffTC<^ Iff a «€tl C4M 
<1 fan'll nu *111 w «, G *n **f 
c^t*i •ifli'ipif f*tt m *fti^ 

<ffisrfc» f»f% 

¥C« mtC4l t nf«*CftRf l»ff- 

«fi!i w; fMhi cBlf »cwi 

c^t#, Mt .ffififwtn wnfi- 
%(«’• 411 ff * 11 —4| >wi c-Tf mn\ ^fiitf 
wtrt «iti« '•tfff '« ^4ttn 

*ftfc» i4C41 


c^»1 "M 


W MW ^t*rrc*ri ^fwH 

C^c« ^twtf ST 

^rfsari ftwi »rif*Tf^f 

?Tfrw fii fwwi '•I. 

>14 mfmnn ««irii mPrf^f 

«t4l ft9l IlfBfW# «ft^ fH >1141 
‘W ^4>Tf?ri HM >r4ei C4 >R1 4fl1l 
mUtlU i-H4 CWl ICf 41 

4ifwi iit^si jn cici—w 

*^t4tcfi «if-«wi i[tn 4tt 

(Hcm cncid, wl >14 4rwfi mt^ nfutn 
II 4W 4mif»Ky 14414 m *114 
*111 <4 ftf *ff «44 cirtfif 4«^t 

€4 fflltw 4114^ 444 41— 

citiiAii*r 444 il If intlii iri4. 


«44'* >lOT4tfei 411414^4 

4|«1 4r«<'lc4# 4CII14 4Uft4 I <44 
Cft*llf4ftCn4 41 ll4Uf4 4t£» 
C4U%I 4C4t4r 41 I <1 irfI Itl 4f 
rft44 4f«f»f»4 ¥C*1 itMiCfl 4t4r>|f 
*4'4Jf>WPl <44 <rC4 4tf ^Chf C4. 
It4«l 4#t4l:| «•! *£11 Itl >lffi 

Ci£4 ftll <ff I tl4f4 It4t4l If C4 4H1 
•4tl4»&l|4 'ifH 4Cf nflfs* 4C1 41 4tl 
^k4, mtU9 fttl <1 4|tl4f||4*ll« 
<•5 fl4T4J 4t4C4 411 

lli »1‘»tl Wlllf rc4 11441 
|fariif«C4 f4M4 1C4 m 

4KiC4fflm4 4;44tf ♦ft i lll-i4T«f4l 
Vf C4€f 4flCfC4f WfTW4 Ml iriftf 
itci 4J411 411 mwn <4^ <1 ll 1 
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<•¥ ^^iil Hlwit 41 Wttfl 

cmftJ ¥|f^W C^« C»ll ?11 

¥fW >f41 ¥tw, 

•ififtn f«rfrt 

¥41 ¥41* ftf ’rtltcV ¥t¥4t 
|4W4 ft! ft* i ff« 

f44i'ii¥tcf wt^i¥ cnw ¥t44i •nKfiw 
4T4<tf ffll tKI 414 iflf >rtt# 
1»T1 lit! I CfWtl lltftfl 
f!4lt4 44—lt4tCf4 4l|Cl 41 fff iftf 
it4 n4ci it4n:wi wt4 •ni 

^¥i%i| i 

Clltf^441^ »nc# lt4 1IJC4 f<C4- 

fn 4111 IV IfarivfJj nftii 414 

4tll C4 VJiftfv V •l4t<f4V1 
Cltl 4t4T4«I ¥4^ 41 V 

flf^I 4>4t4 4T44t4 iHlW V14tl >rf1- 
4JVt4 ^ «irvf|v fll—ITt^fv V 
Ift^Rvl CUtfvf4«l4t4l f^41 f44tl 
ClItf«W4\ 4*nc# H41tC44 Vttl 

4T44T4 ¥tf4 I ¥C«I ^41irf3lf fsVtW WV 
V4ll C4C4 4tl ¥4\ 

Vt4 n4t4t4 4C44 I C441 C4C4 C4, 
-*KVtV «|«J1lff|4 « 

f4«f44'41 44 1 ^44f4¥ V4r»« lt44 
V4^tf vrtv 4W -n^ifv v^;c4i 
lC4Wf5lCV 4t4 ffW4t4| Itcnfvfv:- 
4tfC¥ *f4jvvi*r 44rr4 4C4 it4trr«, 
»rt4tl4 lft4C4 C4 4t44tv(44 InCTlPTH' 
lC4C4,ir4 lWVlfi|4 #Vt4 C4Cf PI11C44 
fv nw 4C4I it iijivfin fJicinni 
•W 44tWl?4Vlt4ft44 t44li IWVfXW 
!W4%4I 

Htw 4tPl4^ Vt4t^ 

ftW4 1411 WVlfl 1(1414411 


liMl (261144.314141 

vH vcicf 1 iciv 4il 
tfihi cici nftfrt 4w 111 mwt 
^ 141t4 141114 i4ftlr lC4f, 

f^dn §41 ^I4f41 ftcv fllfin 41- 
•(M iRvM C4lt!|!l ilft4fii V Hi 
Wl§4 4tlV I 

1 41 4W lt4 Cirv If Hw 
4tv4t4 cft4if4f<rk ifim 411 it*r(4 
4ff lt4t4C4tl C4l¥ VlVtltl C411 
ft4, mPf ltC44 «, Itimitl l4fl 
C44lt4 ltC4h-ltlf Cl4tC44 C4ltl ltl44, 
1<K Iftf ltC44 »r4C§ ltlt4CltW4 
ItClNv 141t4 4l| 4ffl41 154 

444 wtltl ProrfiW. 144 C441tl4 
C4 14 f4t4 firClffl C4t *14 ffCl^ 4(1:4, 
l<t«. lf4t4C4ll V VlftfH 4C4;C4 14 
lt4 ltd fil. Civft '444V 4t4fl4 I Hi 
H4 1C4 41 C4,-Wtltf ftltW 

Vfftltcfe 1?C4 C4Cf irVd V4¥t4t« 
f4f«f lC*Tf¥f 141(4 *5C4f 4 i4 

4f¥C4l 1144 ltnf4 «(4W4 V 44C44 
C4, 1(1(41414 CHI Wtltf 1C14 1 
fvi Vlft^l Iflfti ltd Idl—'ll! 
vr^C44 411 fff • ll ¥41^(1 *f4(4V(W 
1¥J I ItftM 1(4 C4C¥ §fl <4^ 4t4f^- 
Vltf l(f4J 4^(K#I ICltll 1(1(4- 

CltWf 4(#(vfil fjr !¥ #rf CfNtfll* 
41 i<41 ^ 111 : ICi Cfltm. 1(4 Cil- 
itlfiPi fff iffst ¥Ci tui: itfcfi 
1 itCfi Ifff§ *lf44fil fin 14^ 14 

dcf fff fivft offtPtf 11 1 ^ ifli 
fill 1 ini tfil tf*f ^ ^ 

fW It l t m t l C«¥ wtltf 4(141 
fid—<¥ti 1<| IftltlH H I 144 11*^ 
iiifl iticn Cl. iti t n it i m 
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wt»i m 

^km i n% tit%i—wt«ti «itf3i¥- 

vm w^m fw cnw 

•t^ftWrortitf cfct <ic<ii ttro ftwtw i 
awm w fin 

c^t m ffiwi, cvt ft Nil. cfi wt 
•jrl ^ ft nf%w ctf cftf« fint 
ffw >tncffi 'iTfuff c^rtf 
C¥tftl nftff wi 
ntiwf fit cfi >!4tn 49^ ftmutif 
^ttf, tit «Wf fW f^fdl fW* 
«filf ftfUIW tfll «rfftf I C¥tf filffk 
'ftf* cfff 9rtft»c*ttn ft wMi ntirm 
f1 tfTll, Cfl ffffti C^tf Cf\fiF9 
Cf^l <ii$ 4^h 
fi—fiiftfiv «rntwcf 
99ll «1^tf!l ftMl I 

cf ff f^iti nfff% ntf n nt^, cnf5 

CTOftffiM Wltf 
fff Icfjflf «rcw V 
4] c»tf, 'll w 
^tfii cn^tf ft; 

ntffiwi ciwHfiw xnm\ cfwl 
^11 « »«ff wnn ^1 

f<N fwicf ciffl. mn* nTffCfi 
HIT ftft Cft wti 

fin ntiw HI «•• (1 Iff IfinPi 
^iH %f3f cmti* d^fii im nff 

ti W 11 , citfii ¥ii« *n-ntii 

H ^ €tr9 irffn n i *Hc n 
nfin cHptnii ci 

fiw ^n fitiii fv Cliff, ftit It 
fif%i w Hw: Vi ciffw 
im fm mitm cifn •ffiwi ifw 
itn, fitifi ifi Inf |ci9 vtf , fffti 


i^ti. ftiw w Htiftfimn 

itrrtl 1 m I 

nil W HtW iff *irti ftl tj 
11^1 't fUni f«ti 4it ntitwi 
Hfffl ifi Hw ifin fnt» wffWf 
ntlll <lflt <fWtllt«lt fil- 

ffr«l cfifti I <ii Hitti Hw't €f- 
•fill iptil « wtcii *Tiin ww 
ntirw ic»il iititcii ici ft«t <iH writ 
*rftici»iti fititi iw wtini w m ciw I 
nmcii itiT wtcifilf wiitcif fiitw 
n f fij cfti ficm itci itf cf 1 11 1 

wini wftf ifi flirt wrtft v 
wrt It ffffrt ill ftiw 

WtltCfl 1^111 fltftwi WCf Wtllt 
Cl «ci iti ffi, wti tiftiti itm 
l«tf I’M fftllt fUtllfWtCl Wfll 
fiMNwrt wftjfi ciciff I ^ 11 m 
wtnfi'f irttcif •rtrt-fiiiti 

wtittfi wnrinrit film iticwt it it 
fl li hwtfif iiitiwfi icfitnl 
wtfif 1 fcfi II 11^ finri-fiffi fiiWi 

wf ici ilni I 

^ ifif ft, wr 11^ iwiif^ ifcft 
•n Iff iw wifti fcf win, W 
wtitiff ififiw wn^ cicw fiftf fiicf 
fin wi«*cf fifi iftcitm view f« 
cwitfwfift frtcitfirt cwci I iitci 
wtitifi fm IV ftf It 

i<ciftrCTi #ni—wir Ifiriffi inifw 
wnewt fCf irt I. wTftnf <i cfti ivr 
m9 m *rtc# wtmfiFfwtci ifw%ii 
^4t ftli frtitn 'vwf, flf frtfWii 

iwfiwcif wt^f nri fin 
cm id icicfi wrtftffii litm n 



ISO 


ll%f W9 Hw wit 

n\ firwrw 

fW!» cftsj itsi mftct «ti «ftni 
m «•¥ 111 cm ^ ltd 

mtm ift. ct^i^ m— 

c*>ii«fSr iw ^fii in nunf## m* 

mu f^FtM dwf^ « <?' 

Till iwt nti^fii 

imi fff cwtfifivi mw- 
uti c»r« mi iWi 1 itci 
Wfl—Wl Cltl flftll cil— 
fi^i ici i^fcn 
m t*t« I 

<•¥ fw 1 citntfimn 

iw Tin fiwi ci^fiOTi cit*rtfi“ 

Ittll Itmt Cl, 

f%i 1 ciTtf^fia^t in *t«tn 
fill ifiti citn I citi1f5it*f 1111 
Cl, Hfim fill <iiti citn 

iti^ 1 iw«?t ciwta 

^tdl l«ll. itl ICl 1« t iTtflfll l 

filli »•! rs nHi iwii rffi^i 
cii 911111 1 flWfltl 

w¥n 11911 cii» n*i« WJ |5 
if»in Iff} lutfi iTf*rttifiici 
icn 9i'<ci irtti iw «fil inli 
fii itffii in citufiili 1 ^ti 
iw nni '•ill 
iffiiti uNti mi m iftl 
fill lilt! citwi 
Hi nrtfiwiit ftfitif fill 

tiwi titn—«l ll iviuf nuim: 
citi cili will i< 

im till I Ttcf fli iw Pm cwrtPi- 
dm i« iincmiiT fin 


ifw n n in citmf^mn wi 
n cicf ci% w ciifi mu 
fiii*fi ifii miKi citi cwt I 
fiitni ifw itii fitii 1111—4111 
Wl Itl I W 4tC9ft? I 
C^n mfll 411 4fll^t Cltl flPH 
llCf fll ICi Ilf! Iff ll 11 41ti 
4nj#i6 wtti 4ficitif, iff 1 mjidf 
Wtci iflltn n I 

CllUltl ll'cififCll in Infill 

lit! wm nitfifiii iifei fini 
w*:^< fiici |*d niKfin cm 
4iiirti Hw I iftiw iiicif fiiti 

icm iiKfiirt ‘ii’i^4ti 41T1 
41^ ^191 iti 111 mffii 
ififsi vffffii ici wf?"® fit! m 
‘icii’ anti 4iifcn itci iml 
citintm m mil 4tni m ^ 
iff, 411 initial lit 4f%-i fn 

i4H fi, fftiii m ilm4t‘ 
11 in itfii iffiicn i[cn 

Itfl 4l5tfl4 9M^Cl411¥«nn 411 

4tfi cit?tn fill itc® 41^ •niwt 
*fV ftcfti ffcicfinn ciit cfin ii 
^1 cf«i n dm itm n ^fi itm 
ftm tf Clt4tf-41 4lIKf ^fwfi 
cml 4ttii I ’■nti ififii •! iitm- 
4fii m *11* fir«'f«ftif 
f*f% iw fmfin imi fm fiUcii 

4t4ff 4? 4lll iffl iTfitl Cff I 4H 

uPh itii m! fm cm itw—w 
mi«t wtfii mu 1# fiPm# mi 
wfti ‘mi 4tin 41 im 

lift I fft If 94 !%1 44 itiN fit! • 
iwtti mfn ^ 4 mrm *14’ 
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fcf^i 4«li fiiirf »u^«rtw 
4^ fwtw »ICT 

f» tti fttm «, 44ii 
fiwtaii €fit^^ 4w^ ^ni «ti <ritf 
fl«tf ^CII W1 l{^f—4| wtn Cff^ 

<r«rt^ nitar nt«l fti nr»f< 

44lf w Id cmii lytntilt 

fdr i 

nf«4<«fi •?# 

c¥t^ ‘4»\’ <rcit 5 ¥nr ^rt 4f^ djf- 

’•tcfi d 

ftf 5WI 

^t^ft <frMt>r’!i5f« »rw 
*^r*i’ ^rmm «n(ii ^|i f tin \ 

•ffKT^wtcsii • fcftf, 

4^1 fcid d, 

»ftiiff tM ff*!tc«i w,n^\ 

’fH ftatfi^f \ f*5 r<r«fit^ ir>!i 
wHt^^ri I f#f 4| 

^tw >rj:f 4 f^asifffii wtw 

5i»j ^ 4m*^ ni^»c4 '*5*^ 4w 
^! J ^ ni^ <*f 4|>^ 

c^rVwt’if ^dT 4fl^ fcf 4rdtf 

d1«ti cnr<i V mw i 

»|t^t« tlfd ’1 *IC^ ♦ft, 'itf 

>Rf 4t*fW ^ ^c^'eti fw I 

^*jii fdff, <trt 


•ffK fHifsftii ^hfff wrwi ‘w’ 4?lj 
fim ff^d^ fn^t«<i wtm 4n 
ifftcf ^tftwtd 4f^! 4ircif«^f ^nHt« 
HIjI I 51 555 Ittfl 

’ittnfif i5itr55 nflf^ muh w 
^tl 51 4f^ 51 55C5 45^ 1*15^ 
f5« ltd I 5Ttnri^ Cf515tl lltfl 
nti*5fff *rtt4i 5firi5i ffi 4^ 55 
mtll 5C1 5tlC5 Wl 5fK‘f51ltT51 
f5W4r»H 55f« IHW 41:4 If 4 «ritC5l 
4fCltl5 fl5i f3|*Sf5 * 54 ’ 45^ '1(5* 4 
*4tWl* f4fl544tf ffltl 45C45 45^ 

^ItfV» 5t«It5 4^ iini- 

4filC4 in Cf5l f5^^Wl 4C5(n^- 

4fnl n«5i^ itrm nfK'fNiitiftii itm 
uri^ I f5tW5 cn dVi I4ni4ftf iint 
f«f^ Id ^fl H«f^ %lf55 4W5, 4t|5- 
%tl5 cni w 44(011 tni 51 

4tl ttl n.W Wtf^lfl 4W5I 4| 
4Ct 4t'l5»5fl5r4 If5t4^4 4(4 C5tf 'itl’ 
4 ‘4tn’ mn cn 554 itini 4fnndtfl4- 

icn «n itnffn, cnl ni itinfi cjrtfw 

nrw^‘5 4it4 idfin I 45fdlr ^fi 

*4ti* •^ni 4 ifiim I* 

(*5i8j9 itcncni * 4 , fi, fn ii 

flCnifcW 45445 f4r54 ] 



m?t s ftsri 

’nwl« Mh •nn. 


^ftca» ^t?f1 1?ItffrtPt 

c«ft«»t<ifi 'iftfuar 

fiw •ftfi I fti «ti Jif*r wriis? 
nfiftn tiff »ti »f fit 

4VW« ^5f«v iffiwi f sfv ?l 
c^rtmwi «iiwsi ifiitf -iiri 

<f «f1 fW1 J— 

wrtfc# BiNn new 

’fr Bw ntfi i «•#{ Bfii i 

^t*iL 

nftiBt*i»tcB •r* ni 
ttfw Bimi ff •ft^r ntf f^il 
¥lFf«f*T C^rt*! «ttw 

IfitlB WBCf 1?. nc«» \- 
•ffni B(cWf« cft^, «tc?« ntw 
j/H «itwi ewt^ I wt»ij8 

1k^ C’ft^l^ I C¥l^ CWir 
Tl I '•It! <«l ^ff df cwtfi 
'rti, w ^tBti ent ntf i 

ntwt, ••fti '> fitifiitf BfNii ini 
BTtc^i ffci *rf^- 

^nsr wKM ntffi »tctf T^ti fm 

irff ri ^ nflftffi B^wreii 

itff ^«Nr fw ft I few €f« CW1V 
IW fJt»l iWfVW fi* r,-ff, «tlfl 
ntlW^iw ’Hwaw Ml« fW r„ 
ra-» '•ll wtwn ^ m 
Cf, rt» ^ i “ff* 

’If wit ri>r,>r, ••! 

w tl fnw ^cw? ciw 


«ti u ♦Im 

f •ftw r* it«Wtl •• I 

q[t? ftl «tfW *ffB| 

crfil |f« cift«[EW 

C¥fW ¥1 C¥fsr Iflff I Jtf! «ff^ 

fBtfif arrt fefiw 

(Mouhefan««aO I 

¥1(1 

Wt^C¥¥l ’IfH oil ffClffW Iftffi 
(Yangmi) t ¥| tftfBl fiif ««^a <•¥!( 

f^B¥, ¥tC¥ ^fif Cf tB twitl ( W1 Hff h) 
C¥» ¥11 ltf,¥W (¥??• ffl fCl 

h iflRNt «¥l8 !<(¥«! »fft»- 

•ftCf 1¥1 lirtf Cl, ¥¥l6 ll¥r¥ f»lf5 
IfffltCl ri¥ii ¥11 Itl I ¥11 ¥¥it ICll 
C¥tlf¥-«r* ( r fCVl Utltf) 

fCWl -ifififll l^ClfClf (▼¥¥¥• 4r* ] 
¥tCll niff, C»rt¥¥ nil lt¥Cf¥t¥tl 
fxm ¥¥¥«f¥ fl ¥ ^tfl *rfil¥fli 
nfc»w Prtf ^ff I 

cirt¥¥: 4—► (1) 

fill f<t (Liu Hui) ^ici 
lt¥ci¥r¥tlcn fill ^¥1« cnci 
fiw I f»fi ^ st^ 5fi f-*i* in 
^c4 lfc«%¥l» f¥« fl! m l9f-| afi¥¥ 
nfiltwi i» ¥t¥# nfifi 

¥ciftw«n 

t «lt¥t€¥tft|lt¥ ^tH n- 
•rffiH «itf ¥tifiRnj 4W¥ 

TifSw Siw, l«w fW¥f«it»frf%^ 
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mvt iitfw ffi. li fifi ittv iw m 

<f¥tff« ^fMt»r» fsvi ¥fw «ri^ cwn nt^—h, «. r 

c«ft«»i ’uw^ t fi, «w <♦11 fin^cwi f«ll <ni r 

ffti wtfl r trcOT ftfl vtf f*“X*«h* J fillt 

r nf>rt^ fcif »«f-ft'ft^'4 fn I ^^-nt<c¥yf c^arw-h* fii.«ft<fi<l> 
uw nt^fi wr«wvttt>nf Ittim I <«lNrt^ 9 ktt 1^ 15 

«f!5 { r ) HCfT c^w 

>111 «tCfi n^-*lt<fT cfi ¥fl J htssvtl r*-Ji|f€«?tft5-lltf«—► (3) 

^^nil5f ctfirw »«tJT<#|5 w nnrl5 Iftf^ti *wtsi8 

X* ‘«fl5 «i<wi(f<cTOi ^nUlftfin- 1 r«-- (3) 

X fw) wm ’R-*ft<¥jl 5 f CWNl ( 1 ), ( 2 ) ( 3 ) C'fCf llt«! *rf 5 

•r^i r*-xM f#f ^1- cirmf-lffr* 


ftn 

^16 f«i 11 iti w IwfJTi f«i ic*(f nuitii >r« 

iinfci ^*fifi itii iti ifii fff *ffii fiw iTtcf I 

ni’^wi cnw fifii ««II *ttn. ftitfe ciW nr«fi (ifw. «<tn^ 

111 cwicM i«T f«i fc 4 i 
itl nfn fi, itfw «i iti. <tsti 11 ii 5 f nci i i«fs i| 0 wn 
IMF If 15 ltd I ii5 frt«* 1^1 «w Icffji cffii*cH#it if fi¬ 
ll, iti ctwff I icfi i«*rtf nil ittff 51 ffcf cftf >wfIlf ifcf 
iiti—1: If 111 fti cicf 111. i 9 a fiw itififfi ci\«i 

^fci fifii in ntcf 111 itfw HI 11 ffH it fcii ni ifti iii 
ff T ^0 citlrfli 'll 111 ii!5« il I Im^ii 

ItitlH: itlfifll ClW lilftc*! iccff ftf jFifwl (CUthrttt) f^rtll 
Iwflcif cftf n cfH ift ififi 3 «tci.lfiflfTlftijnti:ilt>T(Cbtbmuf) 

itif I it^itifri ci^n liwt nm ifH cw fcnit—iti irti nwi, ^titi itifi 
llltl Cfll Iwfll Clfici lOT ft* n tfcif ftf fit* Itifttll H Wfll I 
Irtf 111nwticiippfi Wtiicif?!. •imn fim, fiin iftftftiii, 
mi ifn lilf <1% fun fw cm fm«, ii^ i 
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«(Wi i 26<n ^ 3l 


4W1 utm fft-i *rtf4 R«i 

=11 i\9\ c^\n I 

iiipi Iw^Jcar* 

1 511, cf ts» c’tt^ P»« 

c^<n Ml ^11 wr ifltftcw5f 

w «ttfc« •itci I ft^cftcusr ^4 

4<r4 ^ ft, %n^'^ cf«ii-c4'#ii 4t 

It*14>j5f ?f*l Ittltl «tftW4 Vi 411 
(Quinol) 4if|B Jwi ci\f5f’f 
*»ft< I '44 »»ir« C«HoO, \ 4ii5f 
.115 C<Ct¥ <41 C^5t*P >1111 
Itw <44 IfCH XnZM 4fW tlfifl srmi 
firvi 5lt>!l8 40 ^Jt^4tf5FltCH 
4tW CBt5 C5 C4*»m nt411 4tl. C>f^ 
CmtW ^^4*1 Iff 5^1 •ft'fll 4tf I 
f|45 'itifcsn 5m I 

4f5B fiwuti C5\f5tf fifBi 

^5twtc4i 4ii5ti f4f«ri 5rtf--f«i«r£i 

wtl 5ri4^4l5t5T I Cf»im 

1 c>r. ft. *1^ V I *4l cf•im 

4it^c44 'Stir 5^11 

<41 iRfi ftltc»f (CbH.O,) Aro.» I 

^^J’\ ^titil'i: If 

ftii »r£f cii 4t>rtiftf fiftsiti 4115 <41 
41 1 cf»itrnt *icf'sl8 cfiwl citu 
iti Cl, *411 life mtii ititiftf ci^ir 
411 Wl^Cll IW twill Cf in* 

win n 41 41 '4CW1 4W lwi|4 

fiwi Iff! Ill itn >rtfn cfii 
m*! it 4iittii iiin citi 

HI HTti ifi ft! ft—3:0.8 n l&i-cf 

HI i*n iti 41—4tH ititifti 

ClH Hitt 41 llllftl IIIJI itftt 

HI Hrrtn <itn I 

«tt ftH Cl^Wl Hin IfftWll, 


41tll H41 4lttf» UrtWl ifilC# 
f#^4 41 C4f44 ciw mn ^nti 
Clltll HCT 4lflf«l5t«ll 111—^44 
cf4trH iwr 5111! 15*8 1ft fiF^i n 
261ft C144 Itll HI 

411 tici ntti-lift ft ci5 dTf it T 
oil 44 cHrtn <4f 4ii:iii c4^ ciw 
Cf in Itl-ll H 41 I ft f ift ftw ft 14t 
C4rt4 f4M fTl^l HWt ftfll llftll 
C4fitl 4tl; 145 ftlWl Ifttlflf 4< 
1 <4| 44 f5ff C'^H ffttlftf 4t iftf 1 

4t4Hl ftw ftlWf Clwrwf Itfft 

1 »4t 44 fntl C4\cif1 Cf4tC44 Itfft 
tif <44144 44 I 41 C4\W ftfWl 44t 
flWl Iffftl C44t4 ?lft ftl 411—Itl 
4t4 ftll «5—4l llfff ftw flfWl 
Itfft C4C4 ftil 4l ftW4 WH 
tl44 Cf4tC4 ft| ft| tfti Itlitl 
5tC4l > ftfl ItlftlfClt lt<4 41 
ft^l 41 C14C4I nifftift Itif Ilf 
ftlWl Iftftf ltll4 ftftl. Itlfl 
C44tWl itfftl ftffll 4tWt ftfWl 
Cf4tt41 ICiri tffl Itlflil' Cftl‘4f 
^ 44C1 <«4t ItllCll HI 

lt<C4i 5tHtlft4 Itllfl I 

licit it ttfl itwiffti nl iHl 
•fllftftlCl 5tCl 111 fH ftl Itf I lltC4 
it ftlH Clfrlftci fill 1^ 1 ll#ll 
511111 IWIftCH Ifltl fftfti ftl 111 I 
ftlWi ttCf ft Hit 411 ntf? 
4ft4l ftl4 ftfl 111 Clft Cllf ml 

ftlH ICl ft F tl^l 41 

C141—Wfl ^CH tfW HI 5tf, 

ftf IH ftfti Uft, ftftitl 111 

ftH, it. tfft 411 Hf 111 Iftl ftft 









c»t^ fw ft ^ I 

ff^ltw fillCTl nittl. 
t1 CW5ICT1 •wtll <FCf Wf Cftll 
Cft¥l Itl. fl^CTf fttif, fllcffpft 

"ffi ^ifiicwwf trti <t 

ttvtfw f ^Cf , ^tl W7 ft Cl 

n ftiifi dfiia ctw ntci— 

'fH4, <11 c^rii •Tittt»f5i 

cifici cicv *itci ij I 

Cl ^ «•! flfvi ifTtCtl tCf f^w 

ci^if J«fl wtcm ttcf, «i II—nfircwi. 
ifUtir 

fltcftc^f (ftiil®. ftlcftcfi caftti®, 
^Tt^s, fittlii ntititU—4ii« 
ilT*ltf1 ■sfci C#4tCt 

fci fnif ci^cni ft fell 4^ 

II citcn iciT ’■t|« 

Cl^tt 1843 >ftc«l '••Itcil Itcf Ufl 
fClffl, f#l fllftl fiwfl-wtcil *1^- 
ffici 41 fffwi iici it! cifi 
IflU fit w 111 

CfVl fllll Ct ft ntn Cl\»l cu, 

n I wmirintf ntcti ctkti *icw« 

III ICf WCf-ttttffCfl Itlfill, 

fttctfw artittf, fltcftifi 

tWtfi 254:6 fi^cf 

ifrt nfctltntf filcifftticfi I ten* 
intftcitfiw (ii)nntiil« CNi(NH,) 
(CN),]*41 cfim 'fttcf eft Clfll, 
few, itlctK unfifw Iff! <fwcf I 
ft tnjfiw ici itfci ntci 
fl I ft Pjw c^ft fw ClfiR 
tfjlew Um ctcf itcf rfff f 111« i 
f*lti ct\f ?•(« ft fitct—Wf: 


Cftl 4ft IfK €Wf~ftw, 
ftfffl Cfitl fCil 't (fftWf 
fIf ft fcfft m 
4ft ftftii ntfff cm WT 

4ft fifl f fltt ttCf, fff tfft 
•tWttfl II ffCft fft 

ftllCIf ft fell Cfftf ftffw fit 
f*H fit flft tlff‘1 tfCf, tti 

> ftfl fflflttl £bCl citlii ftfW ftll 

> fifi ftwitti iitf tci tti I fifti 

C«%1 Iffctfl fl ffjf Cfft fW fI* 
411 SflffCfl ’♦ftff w 

ffci cifici f fen I cn cfct fnfi ciYcni 

ft II III ffi fi^i fcni fi f • 

ettt 11 fcn 4t«i ^ cfntn cncf cifici 
ntnn ntci ii—ft ii ftti ciUnn 
«ti fti ft ill niK nf"ncii ftt 
cicf fiffi tcf nui 11 —tif^ ctntnfP 
ntcf I *w 11 jrilf* fitfi cfnfn cfct 
III—ftifi cihni4 fff I itcf 11 «in i 
fif ft^i nwK 111 tnftf 
itcf 11 . "Ill flii cl*li nifcti fifft 
41© fti fftftf cfntn ft fief ntti i 
ciii ft<:n tiftficf ftiwi flfft 
'Cl cfitcni ft ft», «ti icii ^.‘fi ftim 
itcf. ffi fl^fcii ftiftftcf t^ieni 
cfitn fw fi cii-cfitcni iwi cfti 
♦fft ftini iicf ii I ici icf—ticfi 
nKcn niitl cufCfi fit fci—ili 
4t nwfttfti itiftcf t>in cfntn 
^fci ^ci ntf fci I 

4t m ftfi eVtn cffttt nfiW 
fcl itntifif ciVi III fit «ff cfwt 
til titftcni mnrif utifif ti cfittni 
lU ttfi IM 
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c?i ijr f^ni n?tr<i w 

mW % VM I 

Ciail'WtJII Cft^ Cft 3 | 
(Hydrated) cf*Jtn« 

CJFlfl^. W* fW! ci„ 

7.3H,0, ^fffW I «¥-%«•! WWl 
*iwi fjFifiJ^ nit^ w 

c’ltf¥ ff tfirei nNit eti i « 

•Itcn HtfJ 267’ cn. '»tnel ¥1 eilS 
etcf I ¥15 cffr® ¥Wf5i e«¥fl 
wi ff¥ ¥1 e«trnt¥f w eii¥« 
^tc«if¥¥ w¥i cKi «iw¥ eel ¥§ 
cf»itt>n ¥tff¥¥ e«fi ceiitwi 
¥it¥tfii ¥^f cemce 4618 
^ tcf til8 eieife ¥te ^18 cet^ 
¥tft itinte ert eci I ¥| >51 etce ce 

c»trm| ^U^H ec¥ •itci et ei— 
eiKe, r#^e, twee, «||-¥ltl9, 
feetHe c»ntH ¥it¥ ^jee ^eeetce 
tie c*ft¥ *itcf I ffi ¥r»fir 

¥el{ ^efrtetei m. cjftcite^ 
ei Mtle 4#t«i5«—cetee ceetcei 
eiti ¥flt f«f eie cweietff ¥tffeiH 
tnin r*iii <eh«t¥i'« 13118 ewe 
eci ¥i 818 etetfi *tf etw ^v^ cetel8 
cetfe ¥tcei eftfif ¥« c»ietce eififir 
¥i!le fj I ere eicM, 

tftciif^ ¥>w ¥teii te «te etiit 
¥ti etie w, ef¥tfi ewfi ¥»i ctrtiH 
¥t^ ¥i¥ ¥l eitu cefe ce^f ef e n i 
n> ¥I¥ ei etie^i "fwt< ei, cete 
cete ede neKe Htf celcn 
etii ¥CTfi8 Wt ceee-c^rerimf^ 
eiitcetftite el illmrt«iff¥ ^twtNte 


¥ee eitcff cefte c¥¥tc¥ mm eit flit 
fe¥cn eptj eef) etce 1 ^lee 
ce'le fi«n cartee dli (-e<tr>i ftHite) 
¥itteif^te cewtci^, C(n-C4H|^*NJ 
C.H,C0,.39.5H,0 eitf c»llf¥ dll 
(-e4f¥ f^iln) ¥t¥Cft^fte fcefitl*, 
C(n-C*H,\S3P,20H,O 

¥«te ¥fl8 «« ^ici ntn—f*ifi 

ce\rt« fe cele ejefti ce| ? ¥Cfi 
¥fl8 eci ejeftfif awfeieti eel 
¥lei ert¥F. efee ecie eii ¥tcee ¥| 
f*.«f ce^neft eeie eei ftei—¥»i e<ye¥ 
fee cet¥ cee ceVffwe ee etee etwi 
cete ejeetfie «int¥e ce| 1 ceee 
feee feui cete %i8ce utetei eiet* etw 
cfefiet¥ ¥i<cei cete cete feei ce^e 
el5 eietiweete ¥cete ceeiuece etii 1 
¥ietf ¥| eicei ceefe feci cetw 
eetc’<« il*¥el8 ¥*(ce ^tetei ece feet 
etce* e^ eece Steele eii ei 1 etefii 
wti ¥fe«i cete nftt<ii il-eel'ette 
7 ee ece etece etfi ei—ee efete 
eetfffel fel ei cee, ete ewj ef 
efeti¥« mi etce 1 

flee eifirwcei feei c^cei eteter 
feci ric cece 2/K («ti-“272" c^. 
cece -2 >3* ce.) *i4e ¥Hemn eiftr- 
cetee ciWe el •i«\¥t eii Wfwcei 
eiteti ¥| eiiei ce^e ¥t eci eife 
few nten cecet erei «j!feiei 
flcen (II) eteterle-cefie cehl ieft 
en 9?.992t0.0025C N* tefte •ftei! 
oiCTfi eif¥ fVii efitti •ietr<i el 
fe«rl)m ertci ¥el ce^firee feei i 



(K) 


»I*W CTittijf 

I'lfW ¥11 ItU «•¥, W 

(Absolute) 4Nf—Iff Itl H^lft- 
^f%¥ ¥ttf ¥<1^ «iin #f¥C¥ 1tt¥ 11 
niMar Jff¥ 1« III 
\Conditiooil) JP1¥—itl 111 C¥tl ¥fll 
ffC"! CW9 11 ¥W1 Cfieiltl <¥ll 
SfWri fCll *rC<f 4Pff 

.lltl ICU ¥ff8 1W1—Clt»1WJWtl*JFf» ; 
Ifl «r'?l¥ f5¥ I JPTCfl Itl^l 

cllll Cltll 111 Cl. Jflf!5l ¥ff^l 

ICll ¥t<tl CltllJlTtl I Clt*lf.- 

irti-ifwiMi fi<cii ificeifi'c^l <ei| 
I'lfjSl m Sifiw, C1|*1»J1IH 
ic«ii¥f iii» #icn¥fnr«— 
-eifc »ritl#l¥ (R) 

i*in 11 #»¥ (N)i <if» 4frti-¥i 

irtpit ¥11 1W1 ^Tfcitunsi 

1‘ijn ¥¥««i lit 111, iiijRi uti 

4‘flt Itll—Cltll^lTl 1>I¥ I 

K-lffl¥l 

¥llfi# fimci Clltw Clflll icici— 
111 cift^nti ifin itifi ft«f?lcfi 
ftw v*niij iw in itm—niftil 
i¥tii¥titiii wtif fi¥ incii n^ 
f«ni mi itfi fhm itm 
*tt¥ltl IW lWtlf¥fltl 1 

t dUtl-^l^ 11 C¥ <lt¥ll (fJtn 

¥¥tfi¥ C¥tl imu ¥tlfi¥ «¥! 1 


lltll flffil ¥11111 Cllfn ¥111, 
ciitn mill II. ciitu® ¥11111 

ItltCl IfllJlIHf nil ¥lflf 1^ Itf^l I 
<l| lllllltlltll *11 flfl «tl ICl 
tcict nfii^ifti-nKrui ii liil^nlfili 
ffflll CltllJUtl lltf (ftcwufti 
nm 11 iit^li ifKcf) iii^irf i»i 
ifii%i ¥11 mil ici ftci ¥Kii: 
intfifiii iri-R¥ri 1 ¥^111 iitim- 
iti ffw ifiiiiitifiifi limn 
yiifiijti nfiwti ¥ citii.ijti-ifi- 
miii ¥ffiiii iciii ¥| ifiiMin 

ffCl Cffl Iff^I llfrSl 11 

iijf’iici irit w I citi¥,ijiMi 
¥flti1 Cftl iMtl (System) E-lH^ 
fifll ¥llfll urn (N)-CNoe “ i 
No—i^ltltl cifl ¥11 I'lif, C-4fi 
iifi, II mtl^i if# 1 ¥iiini •!€ 
fill 111, T—ill Cici i^it(5i 1111111, 
¥11 K mi ¥ffl nil #if, iicf 

•ftf^ti itiif nil ciin^iiti I'll film 
¥llltfil ¥11 ICICI I ClIlWAltl i(i- 
mill ¥ i1f« mill fci fiwtnicfii 
ff| ¥iin nil cm utii:^ n K-ii 
tni ilitii ^i%! in nil I tiiw- 
w m in—uiiii ¥icif¥¥ ¥ 11 , 

ifinfiii 1 iwi ni lijiffi 

iifiiti K-i ¥fl 1 -^ f fill inci I 

• iii’^Tni f«ii, tifi4)i5 ini, 

(ifflllil 1 
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*rfl>i^<it>f ^i jrFtftwt*! 

•iffUKJtai fhl 

^r»’ •ft’ifi ?rfi nfiH 
41fiifc fw-'«t%intfjtnrf wii 

>nw wM cf:*i Mfc*ii 

Wf (iKT)i ff«i 

c^Mrff—cftsF »!*^< «¥t*f 

fir» cnc*! fi -fn itfii 

srcitirir i ffi fftf*ifrt^ flew 

••I nfifw nfiHKfi ^tc^i 
*nw niWtM ^tc^M c^-t ^fitf cf<fl ^tf I 
«t^tft V ^tniitirtf f<r*!ft5i cfJT 
’frt^ ^^iti w «rt« 

*»1—^jttTt« C<t*FW,^Jt5|-*»f«V'<FrtCJH 

’irtcil 

W ¥11—ftWl 

Cftlt^tl I nt ¥ cffl 

Cftlt^tl^tlH >ir¥ *l¥f« CIC^ lift Ifl 
7« ntftftl •111— 

¥1 ^ift •ffwnti nt¥ 
•ii'Wfiwn fft nftii \nri fiiiftiiw 
i?tf¥ I %m •ffiiwti *riH'fi«ti ¥¥»!¥ 
•Jtwtwt enw ¥¥¥1 Cl, frtPi- 

¥n¥ f¥^11 C¥Htfttl ft¥I nfiiwtcift 
K-I ¥¥il tfl¥l ItlCl I ¥tl ¥¥t 

Itfftxi liw 111 111—W 

k-¥^ f¥ r^ffti ft«ri frffw 

iCftll lfl¥: •tfT^¥lC¥l¥ft 

K-« ¥n n^m. «tirt ff^n iwtrni 

W¥ 11T¥ ftllft in I 

iftlWH ftw ¥«¥fw CW IC-Hl 
^fl¥I PlSlWf ntWtWt^l, C¥lfl <1 
iltl ¥¥ft ffl¥l¥ I C«f 

|f^¥tft ici»—itc^ntlit^ It wti-ifi- 


filrt «rc¥ ifiiwtlfiwtl ¥UfW If 
w ¥t*fcn f^¥11 ¥tn-¥f^fi¥ti 
adiabatic 11 ¥¥¥r¥*fffa«rt II iflfi- 
lf%l ¥fl¥, ¥ft¥ ¥ltfn nil ¥11 Clfl¥,- 
iTfwi ic¥, c¥ti ii^n urifif fnfcn 
¥rii—ai>Pf f nftfi w 
fifn mtu ^f¥fi icii Cl ¥*f«i 
Utlf. ¥tl ¥1C¥1 If; 11! Ifl. 

¥«IPf i^ftfti i«tii¥ti lift •ren¥¥ 
(Function)! |f« itCl I’ltfti 

Utllll 1% ff«|f¥}ci Ilf Itf Itftftl 
fl^Vll iflf ItltCfl flCl lltr*!*!*!: 
citf^ »nti lii^ fi^witi it«i itfcf. 
¥ti n< firt ciife ifvi ifiiTi ¥nft- 
lf¥¥ intl# f¥l lCftl4lf ¥T1 ¥lini 
1¥ ifiFI Ifl IC^ «1C¥ / Iff, 111 A 
iiSPnif ic¥ iffijiti in? 1C11— 
l^lfn (S)-K log It^lJ-®! (w)l ¥¥41 
lltci K-1 iflftl ¥¥fSf licit Ifcn I* 

K-4ni ¥ti fi«f« 

citii.aiti jpffft itn ifti iin 

iititci mi® If lilt ici n 111 
fl<f nflft ¥¥ iftl If W 111 
Iff cn HI I cicff A i*ifft ¥W ift 
lllllll It im ♦!£¥« Ifitl—lift 
lltl 11 ¥, ¥fft ¥ltc»futcjt nut, 
cun A ift 41<C¥1 Itl UflCl If 
51-41 iti ifl iirit fi<f ¥ft uii 

• «i¥¥t ici ifu ¥ti, 
utf A ff cltllf it 'f 4ft lift fin: 
totft^fjtl U HTUirriHf flWt Tff 
fim¥t¥ti¥ itiit Uff^ fi uni 
1U¥ llWtl IfCl 4111 ¥tllfl¥l¥H 
ICfCtl 
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V TOcwf *rtftw ^riVmtci fw ft ¥trf ^flilN 


« fnwi wr irtti >w 

ww R-o km ^n ftlf *w 
mtpn n^^t 

PV-RTiftn (P). ntwi (V) < 

wn dw ^mt«i (T) wtiw nt 

*nFr<» tM •rf«ii 

^tii wc« lt<f1 

fivtf "Ttftitw: Cl 

nrt*! Wttf ¥fl, iflt^r (Real 

gafi—^HWf vn «W W*! art I 
V *tw « ca% ^HaWl etrn irrm 
anrwi •ri w 5t«! nttw* 

aiffs ntii ^ wn 5tt*f w ca^ 
^tnaititi sf^itcai wifti—11 sri 

nw R-«ai ifJi Pi<i iirt ctcf ^ti¬ 
lt! arutrtar «fcitifsn Mcftf, a^>rtw 
5fli R*4« itsr—8*31 X10' ^H/‘K r 


fkm nwn ni nflt^ nrmw «till1i 
<ff% 5wr cftitrUi »<« <ritfi{Su*- 
penJed) Ti ftitffl Vltf C^« 
it44^i n I 

cnfw nfw ici 

«tta wirnTtift «fwt R<ai nwn nw i 
•»! *itCJn nffiiti ftaii—6*02 X 10»* i 
^lea, K-ai ^*1- 

wjin vnw ^8 31 xJO^ 

«i;u«i*incfi »!Kw 6-02 xio»* 

-1*300 X10* •• ^<f/‘K 

ww c^tf tiififfiiifre itfSfi itar 

•fawti nn K-i ntn Pi<t w w i 
fCli cit^tf* T'^'n K-41 nt^~(l*33oa6± 
0000022) X10-“ulif/'K 



(•ifican N'^<riv nn 

C—atifl tiwti* mnfww nfwtiifin cftn fn cnt i 

L—(Convergent) rtvf i 
M—^gFifiWtCaH n% fti artflCf 1 C¥t»tCll1t R<IC5 

ntwfn T> 9 nfi^afsu gf i 


«w fw. inti«wrttfi vKi^ 

<rt^ mm nif« w >!^«i!, 

^ Wf wmn fifitaft '•rthi 


K*f f^4i fH ailfj itw 
€*»fw-^aiflcv N-^ IM fi|<f wnw cw, 
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Ifftf itPw »»ar R‘»»«I 

f Hnti% fi I ] 

«fttf« #nw mw c^t5<r f<r<wwi 
ffll ^ WIC*! cw >«^1S Cftll- 
nfititn •ft«ii ^rt* cwit^ 
c^r«w^Tts? •pirff ncf fin ciwi 
fin til nw't -r^i tfiit nmi tii \ w 
l«i •^ftnt^rt twi nt’ffi fwi—«rt*il8 
»i'f«¥ >• fmil6 tit% I ntw5?f^ 
cft^ ^t*mtJiti tf«t 

f«<ryi »m ^*f tti, 

>Tttti«l (27*C n 300*K) 

-ifw ttai 0*0259 0 0259 x 

(r6xl0‘»*)^4l 

oil nNwjtl’N-wfei ttcjn ff c^ts? 
•rfitiai tdr ^«n 

4«ll «»t tfl I C*lll fWt— 
«rji*i'4pt¥ « ’xitnttTftsi >i<«riti 

tti 1 »•¥ 
XI5L w ^«t- 

<iiti5i ttm nt? 

f'tiiwtii «mr»tiirt?fi 
nwH ««f 15 flftl >fnTi I 
jptffen wn ^ ttNtn—ftn di 

5tin 4ftt ^rtf< mtnri «t*fttii 

c*i»ftit»rifitni*iM 
tffff ^tnw nfltml «»n wuptwi 

• «m¥« Jf ^ 


n^¥t «««4f m% ¥t¥« ti 

w¥4f cfNrrI ntm n. 
tfm f¥f 1^1 

^¥t»tffv fV^ti I K 

■fWf ti >pin¥ «iWcfi (W- 

¥titnt« ••ftfN«f3ii n\¥f»c¥t¥ iitffif 

It K-««i tft « 

iinfiR^¥ I 

wu utiti fin ttf—¥fV 
C¥t¥ ¥tiW K-vfiS <i¥m “IC«1 ¥tft¥tr« 
ft?tf, ¥ffC»! ¥Tt»T-«t1«fin *!5¥»l nfl, 
tt w nffoft ¥if%fli 
ff^ft f'^JT €tti »iri< « m 
¥t^f "fw tin ricf* cfiitf tt¥n 
w«i ni ¥N-i% «rnm «nt¥t*fi 
¥tw nt«n Iff mm nwinF tn tn, 
ntHfln, l%flitf«^ ft'stnt ¥tn-tr» 
>nfii¥ ntjtni tniit 

f¥^fi »d >rTt<¥fi*ittRi tfen I 

^tffc¥ tt^t ¥ 'iw 

ffni ^ttnti ^t¥tn¥ fni 

cw— iftt-flw*in, c¥t¥* 

tt« c*#t^,-¥f|sr¥f3n {n ¥t|t%fin tnw- 

Mr «itr¥ti nn 

n^) ^ ftw. f¥¥ 

c4tft. ¥ilt%r«n < n«f¥i ww-Mr 

¥rtn1v» csn w%) 

f¥tt ¥1411 ttn 5n...|«ftfwr 

^tft¥ tff K-¥1 ttt X* n^ fi— 

%\m df 

tltn^f c¥tfi1ft tw t m riiwii 
f ipn-fi#!, tnmti nl i 



WR 

€lJwlTO ?J1^^ <•? 7 W 1 


^it^ii (4v Jif^ |ci|f ftwriw 

4c<f cfkifli •«« ff*f '«ifw. 
^itcfi *iisi ^ci mxn fmi uMi 
fc^i I iit^f, wftfi, «rf\«, ^1. *if 
f«t^ •rttn »\ff c^n ci«41 
i5i|T:»ri > 'ififtifi fww c^Picftr^ •n-ncii 
cKftn^i nTv^ ti% Iki I ’^ci <iiR >if 
rHs nuTf^V itfi *Tr« «, ttft 
ntffit c’T^ti dtf f!(i iwti mu 
?«¥ti tn ^w «tf •itnt^fi ftw 
ftn mik uttfi f «CH cfH»i 

^\m ^iti «fit cft^ '•t« 

tilt «t I 

ir^tifi in^tti ^n^ 3H itici 

intfii fci iwtfi <<^^1 

^trc«f I ifiici itii iwf 
r«i iiw I ffi c*!i *}ti U iti ? iti 
lici ’^«fci H ilfi It f i{i st^ci <t» 

ctftfi-fwi Cl iciri 

ltd citi ^1 cfci 4flt itftci'ifl 
atcf 60 | ctfilflll imil Itfll ntci t 

ffl lit ifllCl c^ftflll Iff# Wf 
fifti ftf iiw I H Cl 

itltCTl ftltotfl fci ^Cfl Itl^ 
cm mu n^iti nci 11 11, 
difmfm ci^ ifiittn ifWi cicf 
vn mi. utfi fiitii mi, ^nfV. 
^ffmn itwi ftn cmi imt 
crftif dn.fri 1 «twtcfri cift^i 


ftf idi Cl cfm« ifwi wtf 1 
ft^ fintf ici lilt 1 iti HI mi 
cttitcn It cfitcii I Tfi iftici It Id 
ItC^l.!! t 5 l fulfil HI it w 
If Cl ICI 11 1 it XIW CHtlftl Itifit 

111 iti itfci i m4i^ nil HI it 
11 ncf it mil ititifii Jifiifiti 

ItCl IlH CHI ncfl Id ICI ICI 
fill, ifllCll CHfl it ICI ICI 
ffici I flitifi Hffi hfi iiiti icf 
iCf fitrifi ffl cicf iitifi i^fi 
itci c*rtci itci I HI fMl It ifcflt 
ICI f^|t ItICI It I Itl ifllC^ ICI. 
ticijifl ICf lift'll H 'Ift ifl It 
llfin I 

Itciftftl it ilci HlWltflflf* 
cfti itfni ICICI I fnfMi cfti ifitii 
ctfiCftCH Ht fftl III ICI Itf 
fCf iftt ctfiflii cit fcf (fill 
ncfi finfi cffci HUtni ill it 
«tcfi it HCft ffiiti ciici ntiit 

If!I ifllCf H Itll flfll lllitll 
fCl IfCHI HI Ifld fCIHlfWlCIII 

ifci itifi II cti cift fcutn ifcf I 
itHi lytcfi irifti ftffl cftcii 
mtcift fit ifci fcti tfftcil^ffCffl 
ilfil itlKII flffHfl ifClfH iw 
•flti fCl.ftPtlCl (tci iltfi fftci 
cim Ifci I 

Htwflftl <ftl 1 f-f ftlM 1 Iftf 



162 


raM^3f *1^^ 




cfrti <rfcfi ferin f*!t<tf 

w«ttf «ic« 
fci«i fff-Art* ^itcni nfnf^ 
▼Cfel-f0f*6^ •llfti WfUlitl ff 1 Htf 

¥iffir wtci ft*rw icif >rWn; 

^tft I 01 wm 

ftniSrtiw C00t C51 ffff f«f 
01 *ii«i iw c>r i« citcfi 0tnf 
c^ci ifcii 011 cn ftO, 0 it?i 
0ti« wf ffi ici, cw-iHllti 
01J iici J 

0^ n 0f0i ^i!i tnci 

ClimCltl IJlTIfl fill I 0 fici iwl 

011 t5 0 I 

iiriiti waiiriini* 0t0i<« itititri 
fiifti fcif cfNf C0fi0 cin HI 
0t£irc0ri iftf f^ici 11 1 (flit, 
0fl fftfltn icul Cftlt£ftCftflf Cf 1^' 
caiti ciwj ’0fi 01 civcil C01 
cif^ ;aiti 051 irt ltd I 
tit cwi^fiii cin tifiti cii0p««t 
0t 11 lltll ftll C0111. 

cnt 11 00lf rt 0f0ii 1 T 111 fiwi fii 
Clt 1C0 Ctflt ff0 Itftl lift 0« 

0 tt 11 f 

iit^Hfii 011 idti*n. ci0ti 
01Ff^« lltWlitfll ClHfCltl lIHtl 0 I 
0f%ll tlf01 llHtrt 0tci'^ Itll ifltWR 
1! 1 ttcii fivti fin fc*i1—0t 0ftii 
CltltCltl 11101 0 IIIS 1 0lfti-0fti iiHt 
»rtitii ilfw ft tiiti fid I 0^^cir 
90 iftl^l^lftl til 0t0tftf tf lit! 
Ittitf H’ltti 0 ft itftntfii 0 I 
itn iwfi. i^itw 01 ft|i| 01 
»i nfWi irt Cl. im citimil iti 


itf itf ititi ntini lit fcfitidi 
flCll fti ICllI 0 ftt fiitt 0 Utlf 
•(tft 0 tff Cltf IfOfl 0 fi%f«tl 
111 tifi ici—tl \iitf nl Ut0f 
1*1 itii fidt 0I lit 011 0ft 
ifcftfj fill m tciti I 
‘fftirt If* "ff ft 011 if 4 i "tf- 
ititi n v>f§ fifii^ff 0f icf cini 

0fll ff| l>Cf ltC0 011 Itl 0C1 iff 

0 i!i 11 ittf. itfw 11 ici nil Cl 

0011 11 . Idl cil itili Kii fltll 
0 I 00 it ITlffl f 11 111 

ff Istf 0^ 0fli 01# 11%# Itl I HI 
•ffi^ti 0tf irn itlti sutifti irci 
0tt0 cftfl «ffi i«ii 111. ml ft* 0 I 
01# it% I 

0 t 0 t 0 0|f^fifri Iff citf fill 
ifiiriifl H^ ^fifili 0fli 0tfiitfif 
cititcitf cf 1 iti tici I 111 0 ft ici 
Itftl 0ft Clftflfl 0tff-ll, 0ft 
if 0 tff*ii, 0ft ciitfi 011 0 ft 
fit 0 tll ciffi. n 11 dcf 0 tf 1 0 t#il 

iii|0tif0f0 0i%fnHfifidt 0^01 
irttfi 0111 : tfiim# ^0 cf #11 Id I 
Cltltftd 0ffl 0ttlf 0C11 0tf 

ciwtcitf fiti 0lru if^icif 0tftftfif 
cftftdfwi ci mif in im. iti fw 

0f ltd H CffCfl 0tf lTt*ff ClNtCfW 

0111^11 

0ttififti 0dtf*fi 0*0rff 0tlfii 
0110 0»t0ft It## »fti im *0li 0t0 
in 0 tti Cf. citm ii tit ntrm iniiifiii 

itfj ^mfi* fftiti 0C0| fitcii iurfif 
0 fiit 0 iirc 0 i fficiiti 0 d t t f tfwf 
0tfi#tdi fnl i#iti |tn fitfti 0 
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fwciif ^ ff itti f 4 

'nRtn»i w wtfnr 

’ll twct^i—»tiv (M nij w fii* 
f« <ntfn.ft^ fcwf. *4fr<m^ttn 
«f»itiw:» vitrPi ifcv 
CltW, > WtfTf 91^1 W ff Cl li^J 

f Cl n f 

itc’4^fifcw. >. f« 

fw fit itn% ff|. 


f%rti I fi| iciri citii Prticf i. 
CflC» lf« ICl ’Itf^ CW^ltl Cff-f« licit 
If 111 

ffwmcfI > If ff|f% ctcf -it injl 

fftlfl ^lltv ifff Cl. ll«f (Slew Iff 
^lClt% ¥CI, «flvff«i 

itfcfiIncitef(i If 111 'I’wf 

irifci 1*1 rjf5i?li ^ititiV fCl ficwc¥ 
imi ¥IC¥ Itf I 


5?tCf3f fef5l? 


iftn fiasti iic¥ «rt-Jli fff ¥f- 

iiti ifticwi f«. «iti. r*r Pi^fi (iticii— 

ftcff ftisti fic¥ ni’^cii icf itfici 
itii fff»i •!(« ittii icf f'fi 

fItCf Cft¥tl i <11 Iftf ftii well 

ffr«i wi cici 111 411 iiti mil ‘-^ii 
f^fwr wtcii lien »ti ¥ci wfl lew 
Itffl t^lffl Iffwci ClfHI Cl If 
wit II Itcil Hlfll ICll itcii wcw 
Afltltfllti Wfl-ftl Cll. ClWfilCW Ojf lew 

fiwiuil wet flfffl wiw WlHci llcti 

ffl w Ittll %< WClH W Wfl Ifll 
<51 WINCH fici wcw iitii WWW Iff 
WlWfll Wtl Clll WlfWI HI Cltl 
wti w^i w liwtcsji ciiwficw ill 
Cl^l ftwvUf 1 iwfl Wfiw WIf H I 

ill CtCH ff-W-ftllll WflW »ti| 

WtCWf Jin Cim itCH ill wen I w> 

wtiM »tit WtCWf itt im— 

1. 4t*f wi4“-it wiwi 111 wr 
w tfii w IN 111 I 

2. fH cm Wlf—Wfi ettt citt 
tfilf cm ifcw I 


3. fllltl Wt4~WWW Itl I 

4. Wll wK-llflf If^ ffC-ll Wtl 
well WICWC-II 111 Itl I 

wild ff^itCH wcw nfcsti 
few will wtcwi 111 itl citititw wfiit, 
wt w fell I wtiil well ^InfiwtWi 
111 ffCiii: wiw ifif 111! w’^fti 
WfflWt^l fwfll « WlWtW Itff 
Viw 111 wen wicfcn itfi-wl wf^ 
Wfl wUflwwUi 111 ^Sfifit^ti 11 w 
Hfi, Sii iir# dci t4c» itcf I wRi 
ffW^ WiCH itw WllfK; flliti wK 

w m\n wN it«« fiailcH wnt'"®* 
Wll weici I 

1953 in ciCf ci^n fwllfiw 
ftitf tifUicfei 11 wiibfi n 
WI^IW flitcw ItCH flWlUfl fff^ 
ffw wfti itn litwi-fiitwi Wll fa« i 
stn citu it< Ilf I wf tw ff Cf^ wtcH 
lew• cf^ it«i fiiiti wtf cff! icici I 
1957-61 WtCl wciwl8 Will Wfcil CltU 
ItCW WtW f^Ntf^ltl ftlltf wtl CWtl 
mi i<«w n wrfiflv 111 iHilf itfi 





<rf% m 2,103 ff.«Vc<. 
nt«ii ^tf i Ilff « fit nf’Tftf 

fCl ftn €rtf 4,870 fti 

^tf I ffl *fcf w CWfl ftl Cf, f*»!lfHf1 
fiftar fftwi »IIW ftiw fit* 

flfllflfnil fftl, oil ft! fiWfttff 

’itftfl rtlf ft? ffCl Cf«11 ff f 1962^ 

^tftf « fitfl wrc^i 

fitfi ftifftcfi Inf ffl^i 
4cwl nilwi ^fif cif^ HI 

fWJ *lt« f| 365 fH, 4«l 
270 fff 52-195 Iff 

ft I 

«ll CfCf Cfft CfCl Cf, 

ffalsICH dii*ift*f- 

fwtt C^^ ftflffl 

HtfH 1^ f*|f itf 

4ltnfH-ftVl1-fWn*f« C5Cf 
Cfl ftt^f I Cflf OfCll Cff1 Cftf 
Cf f t«*i1 ftrtl CfCl fw^ti ^1*1 
CfCf 'tci *ff^ H l^ftfcfi 
cfl I 1963-63 Ml fiCH Cf 20l 
511 fiKstf HI ft, n fifl 

l«lc« HI fftl-Hl) 1^ 

fitCH Cftfl ftw ^tt, (2) ftltl 
Cftftftw ftf (3) irt^f 1 ftwl 
tfl ftCH '•Htf Ilf I H fWT 161 
c^cil ftcH l«.ftf« 4ffi cficf tin 
2,000 Iff fiw, 14| cm il 

l^ntfWf fHiw 2,300 ff.fnti cfl, 
5l rfc« 3,000 flCit«?|Cf f Cf%, 3l C^I 
3*500 ffcittjttff Iff in nttfcf (A 
fUltl fWt 4,210 ff.«t I 
<ftftftlf»llf ftf Cltf Cflf frfl l^ftH 
Wll Itl 1,439 2975 ff€l (flf 2,003 


ftlft Iff 2,900 fl.«1 it^ 1 

f«?l Cftftftl IHW fff 111 2J2M— 
4,210 f|.«t (ftf 3,035 fcti) l^mn 
ntm Iff I 

stcff 

fflflllitCt Cft« ftl 1 ftfH ftltf 
Uftftftftf ftlCll, ??ftl Hdl, Hfl- 
fiitf tnrtitffftf ftitll fliffi 
I4fl fjfftf HI ffl ftllfltf ftCH 
11 iltf C16CH ^11 (I : 1 W^) cfc * 
Ctlll ft I JltlfMci fHl tiCH 
Iflf ClCl C?H1 fl I 

Cfll «ri 5,000 icf ilw, f*! I 
m 1 s 1:1 wtc* Itn 

ffl fff fH Iflllf 1 ftwl CfHt 
fUli iHCf fit HI ft, Ht fmm 
tn?Itl 2: 6; fCfl 2.5 : 

^itWf itf 5; 111 Hi 2: Ht iH 
2 5 >iin cilftft 0'3 incflf 
5tfl tttlf f^tll fit 5,0751 li HI 
fllHltf ftt cfci CHI mt ct, %• 
cfhw Hf4h 1 fttfl cftftttcff fti 
ftt Hci fffw ttlfcf itfftf IntffI 
ftcH 11 iMtfWf nOwti tfcf cfti 
ird 300 ff.iif dci ttffti tm 3,000 
ff .tri/cf Ml Hf cftii cici f tcf 1 
Cliff Iwti Hiffli fill® 
If^Hd it«t ft^ftrti 'll itfCH 
liiiffi 111 iffiti fit tittiff nfttf 
CfCll ftfii 'MCT H IffCfi iw 
ifttfIftCH fNrftCH Ilf Ifl 
Mltf^ IfffflllHW! flH Itfl? 
cfCH f^fii tmi Hi cHr HPi» 
HI llllfpf—HflCfClf m-CHflt Pk 
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frt. fftftirti 

f¥^ frt, »tfwiii« 
fw Nt4tifnf '•wtnM irrt 
« nftw wi%ci ^ 

1971 ^twi 

W9 w* Cf nt«ii c^ci. «i 

I 

^*11 itf nPw fn»iti 

fwn (f»ut%) wi # 

Ijci it?l <11 '•ti nvfi il 

4:3i 3: 

-•I iifitri ttv Hf %U tfCi 

»t, JTt^fH, PlUBjl ¥f«T 

« vwK %ffi m 

1 ff^»ii 1 3 ¥l: 1.25 few J 2.5: 
ffWtif! 1 arffft4! 125 ffWfI 
«»• cilci 5,000 fti »t«l 
ftfi fn fnt»fSn Mr fff 
.100-150 ftftftlti I tnf» nfintci %4if 
« f tUMftl ?ti ■ fwl 

iitcif Iff f4 r^tl Cffi f II m. 

023 cflcn fxti 275 ff.jn 


tem, ai5 cfliii ftfc< 130 ff.4(1 
HUlwH a|5 cttcil 153 ff.4n 
4m 0.13 c^i ffillw 135 ff.4n 
tt«f I ww 1# ijpi 't ftCT% 
mtfll Cftfl ftf 1 *14 iff ftwit 
wtf cff iilf If. w €t*ifK 4i| f- 
ftCff ftfl ^rifj 365 ff. fl f f»W 
508 <jtf cfc? flit ftftfhr 
f If tiftfl) «tf f t< ff wfi f t<f f fHifi- 
fH 4f ftf Mf f«1 Wf f4f«c«l ft? 
api fci cffl fill 

cftf ftfcff ft4 «(tfft41 fi4ti fhitf 
fiCfMI ¥lt fCfll ftffftt 

<4l wirw ftfUtf nff% fii C4*i ftf' 
Wff ftf fCf ftf ft I nnt^ fttfl 
Itfl f^r*! fftf 

ftfll ¥ftf4 CfCf fisWCf ilftftf 
fcici tf.'fl nfif« i4lficff cfciiftcfi 
c*ici firf ff ftf cfri 
ffitnfff «ftf fif itf fti fi ntffl 
ftf, fti cfcf n«»: 5-8 fh ftf 
nifii f fw I 



IM) ^ c^« 


[fwi «itiii ff'srt^ fiinrPi im 
^nr ^tn¥, «i fk%%^ t? tiir^cftioi 
fc«^ cicf ^ff «rcftrtii 
iRi-tfv ’ll «if»««i iiM« ’iw* ^t«i 
ft! Piw •itw I J 

Hif C¥«fvC^ «ft ’ICi f«n ¥l^ti 
^ «rfnfsi cif^-ic^ '•f’lfti 

W%i '•^'t «it*f3itf c^t «3r 
^tm ncvHc* ^*if3i 

f¥ ftw fic»!a, ¥tl >!Cf »«I1 

(¥ cm^^ *iici '«i ffw 
mtw ¥iftwiii 

nmw r#il wt*pitf 

nc^ I ««l «cn fic’it 

nf c«iTt#f ^n^ * 1^1 wtci, 
^til 4ttti ?■» w «itciil irvinf# 
ftfin«ai i «i<t< 5tl rrf*t^« 

'6tn c*ir#l f#i 
nw •ftw^ 1 

fm «ncn nw mill ¥>ntf ¥t« 
mmv Iw fi I fjtPiCT'iftii f^t(^r«Kif 
Robert Livinfi»eon'«i ^ 

«ji it^i «reti WW7 *rtfm f^i’i 

cmn KHi «rt% 

^ttni \Th vst^ n^ntn nt?* m 

%t« •!« nflfi cf 11 wsr 

4fi w« ntiti •Kf 

cvr< mftci <ftf. %t^ vTfic^ 

« Piftiti ft% cttv cut! ntfti 
*w ^»li wf cnm, m wn 


f>i flt fw, n!^ 

^1 w«« wr ff 

ntftw ww <i^ti fm- 

^tv’itf ¥«rii t5 "•*» 
iftii ilfcsii c¥^ cft 

iirsi ciwn|5i I ntftfi (.n cw f tic*l f^tTw 
fifftl ’if*! ¥li«tl ¥W 
fW ¥¥1%1 Sllttt ¥«l 

^Ke fc»i «iTstcfi *1^ 

«f«M C^t^rt ¥t¥WI ¥1^ 

#151 nftiw ert<*l ¥fei* *H 

<1 I «lf^¥t^"t^ 1|M1 ^t¥ff Cf ncs ^^ vt, 
^tiT^fii ¥wfPi iic^i Pwi n^'Sif- 
•1t*ltl ^^^ tC¥ ¥tC¥ I 

itfrt cftsi ••¥ *ir^'iti w 

^tniittcf^i ^xmi «rt*fJitcf f»f3i ¥¥5 
ctJPiC¥tai fn«im «iti<»ic¥¥ nn(M* 

¥Cf ^fnf4 MC¥t ¥fW¥ ¥twi 

f¥¥TCf ¥»ltrf¥tl 5lf 
CSt¥ f¥¥ttf ifftlfl ¥fff¥ I ffl 

lir*|f^ C>Pft¥f^ sifipf ffC¥ C¥% 

^¥t c¥¥fti iffff ¥^r¥f5! fW 
■WC¥ •ItlW ¥tl dPlCfW SffiH ffl 
ItflffW 1(1 fffl ffilCl If} fCl 
ftfW. fff <¥ Iff C¥t HtfftCf fffi 
ft Cff I CffI ClCl C¥tf fifl fiiNitw 

ciftfti ¥in cfw fttilf^TOcw 
ftf ¥f^ <¥ 1ft ffltf dni fKlW 


¥ frtfifffi ftiff. fftftii fiffHiii 



w 


iit^t» 

#1WIWtW!^ftft«fll 
•*« wn vini ^iNti «it^«ill iw 
*rwr«1 ^tWf IW tWf W¥ *!fl 
Wt^tl fi| ff| WC9 Cffi Itfl 

««jl w wrirt rjkn 

rn ficii fn ft—w fiiii ftfw If 1 'fcfi 

m*j fw fw 

cffj*. Cftf ffc^l ftn Lord»‘ 

btidffi fCl Long bridge ftTV <l9t«r 
•fH I ^ ni > King’i 

bridge Jitw ejfH ntf; ^1 

fC#1, H ten ffl 191 ii:<l IWf 99^1 
C’If«'Clt9 9|tV I «ftl9^ 'll Ifl— 

CW91 itifintci iNfi It MtifiiHi 
•tliritllffl till I 'Itltn lt9 1119f9 
HI Itltl *«ltf IH !fll 

ilC9 *1^1 *3ltf Wll 11. 911 

'll i«if iti it{91 

Ifl^l^ if%C9 fffviriti nidcf ir» 
fiwfi m it«ii i«i iwii 
fewittl 9f|9Tll >rtf ttv il^cn 

temporal lobe itlf IfCl ntitCl 

itvn tpwi fnii W9 9itl w ifici 
Cll. V H C1C9 1C9 ClCl lt9 

ICI C19K fl I Wilder Penfield>4i 1(9 
1%9 Ifll iNtl <flfltl fllflClf 
19 1(1 111(9 IfClI 9(1(9 919 'll 
Itm ^9tl 91(9 t1#t 91 I ilCTl lt« 
9(19 lln K1 itHtl IfH 9l If (1. 
iTfi 1191CK9 C9li dll ij:i Itf A I 

Karl Uahley lf9C9l 9^*nf99 
9tl9(5| 9C19 (ill 9(19 few (1(9 lf< 


Wf«W«WW 

leil» 91 9f 9(19 "iftwl (1(9 cillllfc 

9l ftltCW Will (1(1 (1. tM^Wtf 
llltwfiW 1(9 flltl^f 1"1# 9tei I 
991(111(9, l^WltW K<1 1(1 Will 
l(ft9i Cl 1*1#—ifll IjW 911 9999(i| 
ltltlfl9 91 91W 9i(9, fill ifwi ll#1 
m 9(1 I *11^9191(1 'll Itlltl WW 91- 
191 *11(191 l^Wl Wit 9149 111 H fl I 
(ft (9% 1(11, ifw 99 <K9 

99 WlltCW ftltl Cl«li ItH flfNtl 
f^flWtWCll Janes McConnell 99itl 
991T1991 nflwti Wit •(ii wdfleii i 
PavlovMUfiCW (111 l#1ltwitl 1(1 
irw 13(11 itit Pi:ni witw ciitdt leifti, 

CWlfl McConnelI-91 lilwtl 9tWtl 
flat worm<9 #flW (1(9 99ftl 
91ttl1 Itlft*! I 9| lilwtl flCWtd fiwl‘ 
9tW WWlwfl flat worm-91 9lf^ Cl(l 
wwwwfl wflfww flat worm fl»l wfiww 
fifwi K^flll 9(1(9| 911 IJW 9(1 
IWfKll— 9t 1(1 91tl Itldl fiwitli 
Ifwl itl(i fici witw ifwi 1(1 ltd! 

1965 Id fn fn 111 will 1(9 ww 
911 Cl. 99 att^l 1^ 9W wr#(« Itltl 
CHWI 11(91 If 1 i ficiiwtci fiwtltw 
^W ftlftf-jl l<(H 1^9 CKW fitw- 
fllfjrw 9itPf9 fm >r(wci rna flwtii 
9(19it RNA ititd wPrfww Ifcii 
m wtn wfiti cwl cwt ciifcii ci, 

lliwti ICT ClCll 9(1(9 K1 

Wtw 9 99 «(*»• Cltltltw"! I 

wiiINh wan «wt9 iwff 1 

VI <191! CKW ltd Cl, ifWf (1 WWW 
cwtl fici Iwfl, 9tfI cwtl 11 cwm 91C9 
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*1% fCl I <i| 4Tt«mi Holier 
Hyden cfftw W <ClCt«l «. f*W 

Paul Lange-«i |««kf UtH «Cf 
Holier Hyden ewu f 
^w«nt. V eM'fe^tPni felt¬ 

ed wafta f|>rttf ^si *ffW» ai¥ 

f ^in #tii 4%cvi eitn>!tw ^tw 
*iffti<ir cnteciw i at ^Wf iftri- 
cftw fi^ti ««fce cfH ciftiN 
Ufk If feel—»i -fllun uc« cwn>*m 
^fl5 nw w aw niH 

fn* ticn mw 

•ftow n(at« *rfiitf c«rtlla w^f 
«rtw ciw, '»ffv4fftf ntdci f<fN 
cfltHatf nff fiw wiwr f-r|in! 

cm cui»%i ^tfmi enifa* 
arciH fw iwi Pi'itf c-ia aici i c»«fei 
fCl (Geiger counter) 
csiw%f»tf •ffifH cfcn cwffwa cf. Ptvti 
4wtca a|ja cirtfca Ufi fii ntwl 
wtai fiw cf, ff%w t5 cf% •ffian RNA 
^tWl «a| RNA ntftf aff c<»tlN 
nmiM fiwJiia m» Hyden-ai aw 
af%cu RNA-uf twfcftai fffft fttw i 

«n%cn wffif iiw w af%w rna- 
*M wi nfia^ 

cwai cnwi Iftu ww iwifMf arai 
RNA*<a« n^all fa attf, ai:|fii 

TO aw atcf» ^tifi Vi wifti aiTO 

atcfi aiiMt cfwa RNA-fi afiata 
anjiairtiinw faw atcfi afaWw 
ait%iai acar «ti aal ifa ftw caai 
all I %ar<ca«i awi ^ 

RHA>4« afiatcaa «ffia4a m fH 


CTO I aFatff fiTOacii to RNA- 
afiata cacf atf to to TO atatirfaf 
nfiR^a# ad I TO# caai cTO afin- 
cftca RNA atffta to to c«tiwi 
aftatif affw 1 a catf aw icai ca» 
Ufa cartRa atwaia RNA-ai f^ai 
ntw I 

1962-65 TO Hyden ca fa 
fctcia» cafft caa Rwacatar i afR 
aDftf ®raitfR ata attiarati 

faw airt ataitfR fftiffa fta atw afati 
faw Haa \ <raa cto catan aicn ca, 
fafti arala TOffa atRcfi fta df fact 
ffl mw‘ aad a!f£H Rfi facaa 
cfiaafaa faat^af a?lfi caco wiaj 
cati ca a(f wf ca fkw faci f^tf ri f tf 
ii, caflcai catca RNA-ai aftata 
f«Raaftea mf% faa fai^f atci atfc« 
atcf aa^ 9 faa ai RNA-aa aftati 
fam ff I > TO ffafnp RNA at HU 
If* fti 4fafifta at^ I 

atff a-af^ ^wtw altfi Hyden* 
•ea aaalf—‘faati W RNArua «ina 
ipji* iffii f ca I attat{c*il fWfaafroa 

Victor Shashoua catasffa (Jla f 

ffatcai cafat^ awi eififa am) 
ail f ts(Wtt ff 9ff^ Cf at c^ca am«Ricf 
TO caw flwat TO atcia cawa 
«ta aaRd TOa fata atadiRaa 
ff Cf tea (fa I ^ mafia If a aRi fdti 
Pifti ai atiffa cf at ilfd ^ f fw 
ftfta fdcf P^ai alTOa ftfimw 
aiffRia alRcf rnato adattaf alt' 
aRa earn caai 

1910 aca Hidtn TO Uoge R<cia 
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»rffs 100 »fw wf c«tlcn 

*jff? cnw I ft» am ttji 
#}9 ¥11 OlfWi fnii 

$(« fC9 cm C<t«l I S lOO c«tlll 4Vlt4 
•rtwl c«{tl I f^¥1¥tw «tl <11 
«f¥ mi <¥U ciwtcn >nit¥ Ttw C¥W, 
lff¥ <W n ^ t Hyden 

Lan <«-<1 1 C¥ <58 S 100-41 ♦ifilfil- 
«*f I S 100 ff ^11 Cl¥tCll 

itfi 11 cfi, ’irii new ¥11 

Hyd«n-4f <1 I'-s^tfCl 
<ci¥ fimm 4^11 ¥c« fk » nt«ifii 
¥tl1 IWI. Ill cftl IfftF l^K 
IW ¥in Pt*. W « ¥t *11111 
veil 1%1¥ f¥ ¥tl Itltlfll fif»1tl 
VflTtl ir¥ 9¥tni ¥t¥l8 Itl till ? 
¥» <fft<« lt¥ Hyden 11 ClflCltH 
'll ¥1,11:5 Ultl ¥C1 £1, lf%¥*£¥iW 

»*itl¥ RNA mi CCttl ^l^l fl—<C1C¥ 

¥f fl| m K¥ II I 

ri¥U nc¥ c^tftcn ntci» <t 
lH*fimi¥ fltHI ftftiffl fl¥fi¥t*Kll 
Rernard Agranoff clt^ftcil Itlll 
Puromycin ltl¥ c¥l¥)8 flCltl ¥tl 
c*ic¥ c^ipii Cl, ifirw c«ilM n’npicii 
111 Htl¥tl ¥ti c¥ni« ¥tit mi Cl. <1 
(illfc cetfrl l^tiwc*! Hfl Clfl ¥rtl¥ 
:m cm. c¥tli *i«niii irtfi uti *it¥ 
icf fi¥ti i8ii in itiiti 

■»¥if¥ nw entm l AcranoOT'li 
lA¥fl Cl¥fn Cl1«f¥lt¥ fmi CKH 
ftifm, ¥1 mitm cHisfiiti 
¥n¥¥li| cift Clfl mtitw ifn icifii i 
muil mMttii im <¥t in 
w fin I mfirm n cifi 


mi ¥tc<1 Itfici 111l1ili:¥ w*4 ¥tl 
ciw lilt < 1 , mfiftii Cl ¥tci m¥i 
^rci.cil <iici itiifii ¥tit¥ 
ititi iifnt itcii <¥rw itifitffi 
llWl ItfSiCf Itlti f£l Itllft t' 
licit ?nit^¥ wiin tciii ¥ci mu 
llftl 1C¥ let «f%Wl^ ¥1C¥ 

film I fii n%ini ¥ti am iHi «m 
in ifl Cltfsffin Puronayem icitl 
¥11 If, m itiifi II fiitt 

m ITI I f-lltl <¥ itt 11 Puromycin 
ICftl ¥1C1 fwtii-itwi 
Iff n Cfll ClCl; ><¥!%( net 

ififSi ifinci ifiiifi¥ ftf»ti ictci, 
¥1 if^ti nftii itin I 

£■¥11 <mH ¥c« n^lini mu 

film ¥«1 ff^ll Hyden-<llil¥1 C¥lltt> 

•ffii n¥ tiirftn it¥ 

¥1C¥ ItCifll <111 111 ClCf ltd Cl, 

cwl ifirn itifii fiifni* icit 
■ii^ini tnti nil cittci, ciii itfi 
ititf nfi itin ¥Prc¥i in 
la ltC¥ I Aiffaooflf <ft ¥ri« ICiCf 
itifti <1 ifin cim fcii Cl, w 

•lit ifln C¥fl 11 Cltl lUl lf^¥ 
fCl irt¥ I <1 let ¥fl« ¥C1¥ l?l¥ll 
uttwi ¥tn * 

cmi fven cm (?iw 

11¥ 1¥1 Wfirtl <¥ltl lf«m 
itimt f ti itc¥—<11 <¥& itiii mil 
¥« d¥ HI fjffr¥¥ fil^Cl «ff¥ Cl 
fnrt¥t»¥tl, ¥1 ct£flf¥lH 

¥1 lt¥jn cfl f Charles Oar«ein-<l 
(lllf¥ ¥lfl¥rf fll^ll lilt (htt H 
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Cf. ^ <19 


fw «fff9n c% OniCT m «tff 

T^c#i fffi cm 4r«5w-w9 
f<lf5»n r^f ll C9tWi91 ^<1 

wt9i-f*f9i cm >nifr»i wi it wH 
«f*H ntii 9rt»i9i>i 9% f#wt <1111- 
•frf^ff «ff«ii •tt9 ¥iC9 nfM m 

fw iKv tff ff| 

f>| C4C5 «C|9fri ifCf PittfWI n 

C<C5 <59 <19 nt 

nci m9 <rtt9i |cir 9tni cn 

«t%Cfl CW^ff, C<t«Pl 91 <91 

<191 9tl 9991*1 I 

€rff9 cw 99 199 •f9|#9 9t911 

if#. 9 ti iciT 9 ti« 99ft ItricitnT 9t<n 

Clt9t»9t9l 91 9l<t9t< C»t9 9f9Clt9' 
9991 9il9 I C999-<ft9 C9lt9i 999 <t9 
<f, 999 <1199 ffC9 9tC9 C99 9t9[ 9W 
Cfl9, f<9 9fl 9?tl > CltC91 9W 9^«t9 
*tf9tf <99 9^9 91919 9C11 91 9tl9 

9ff C9 ftWl 1^9111 fill 9t9t9 <1, 919 
f^*lt9 *ff 111 991991 %9| 99 9tC9 ; 

9tl 9i1l 99911 <Tt91 9^9111 Will Wtl 
<9ti 9t9 ilwi 9l9t*i, fi9C9 fniin, 
999 ftF» C9t< antibody ^Tl 911 <fC91 
^t9ttl 91911 €ir«ltl 91t99 CWWCl I 
Util HWlf ■|9»lf99 CllWl C9t99C9< 
Hit 99|91C9 4lf9<ll9-9991 9#9 9111 

< 11 ^ 9tfC9l 9|i^9f antigen 
9l99 •tl1l<l m antibody-1 
9t9tf t5 9f9tf999ttl 9C9 fC9 <9, <9C9f 
Hfim IWt^t 9l4f9> f9 9tC9 antibody 
i9f< 9T9, 91 andgcn-^i 9ti rtCfl 
Oltl 1 1963 91191 99r9tC9 C9 99 9PI911 
IClCf, 91 9| 9tl1tC9 %n 91911 9ttC91 
99 9999 9CT m CIPW 9f^ 


9919T aoeigcn-91 9»T 9t9 991 tnttgtn* 
91 9C9 9tl9l9 9^ antibodf-f 9ftl 
Itli 999 ifl UK <1, antigen 9t|f9 
9fiirci antigin-91 9W 9^# KtCt, 919 
andbody-nifll <9t9 9tl j 
«1ff9f 91 9^9ff antigen- 

91 iriT Cf991t9 99{B antig«n-ei 

antibody Ufc fill 9191 ifll^ 
111 ItClF I 

Antigen 99^. antiboJy-l 9"*1^ Krtfl 
Nielf Jerne-i 919 fll KlltWI — 
<1191 ‘9fil|’ Kfapil llafil f99Tl CTOt 
«f919I I 91 91 KlC9 Socrates 919 9119*, 
911191 99K «19 91 9191 9iC99 KtW 
Cllll iflll 991 111 9119. 91 91 <19 
^ 99 9tf 9 f Kiel Kim 9111 

*111919 91 I 9ff 9 fill ftftl 9ll»J fill 
999 9«lt IJlntl, 91 Kllllfl Kill Cfl< 
flflf 1|C^f 9WJ 9«1 fftCl C91 I 

flK-ftH ICII nil Kli 

K91U l^llf ifKCn flf^l C9ln C9 
9119 ifKl 111 lUl, 91 9fl« l%lfi 
KlIllH 99911 *lf<ff Cff, 91 Cfllt 
KIKI 999 ICK, H'.^l 9C9J *^5 Kf^Kiri 
911 K«1 9111 *0111 Kt9f 1919 991 
91*119 111 *1lM 911 fVll H 911, 999 
91191 *199fl flKlCI 991 Klfltll itH 
m. KflW KtKf 119 H I 

Holography itll ifl CKtiltf ifi 
*llf9 if^mWCfl KHtfl9 9im <9. 
9ftll9 11191 91 im tfil *lf«l CfKT 
w nil Ktiiti Kf^i iiKtftffn 
leiFKfli Kim cm cm Cl, 99 *11 if9 



futctkii m nHm if» tn ^Ici artfiffw Mnvww 
€citt ¥H I wtf clt»i- #in<tci c^ci ^irtn i 
cftw* %■» n. ¥Wlti n 1960 ^twi c’^c^ti frtf hoio^Mphy-i 

’dRci ffin wt ¥iciw, «fi n%mh wHm »itPrnif%« 

fff't holoiraphy-1 c»l» il»I I <•! <iH^tl 

iftff i%* w# iptrsrtir ftwn 

fflltl I Holo|raphy-csi C*l^ Christopher Lanjiuet—Hinguis I 1969 
aTitfi ¥11^ mwm Wti >Ttc«i »al faaii ^tf« fk% iftai 

(User) lf% arciH W awf nia mill Christopher Unguet— 
cairn If I > lf5«r*IC» aFf 1 «fil Ifla Higgins ^rt W^icfl fC«. f f^l 

f#fi 1 r?i aiti r«i^ ftw n I ^uta 'iiitf ffV« I i^attf 1 «i 

ftafti cffcf—-cf awf ifa c«fn iwi ci ftfci ntcf, fi« cifa sfcaniif'Cffiv 
cfta atfif^ »11 ftca ai i ^ cfa»iataB eicitwatf ftcif 

ifa^c# an 11 holoram | Hologram-lf naitl ill I aNtlf Cl 


ABC 



i4^ a-f 


f«« fni ntari ntwi 4« diti laatnjp fW, nt-il ntf» 'icii' 

ffit ntJtw If! a«U fiiff«¥ rr n#fi fct w ttcn •ifrt i ifFici civfca mtw 
«ti I wcw atfii ifiw-cftw ncifli m ^ It, %i laa 

awtcaifiim m nil mm carti ffii artitrnaitii ifarwrcacfirpiifwii 
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136P11 31 


mm 't ww 


ffC« ^^C^filf ffCl lf«t¥ 

cftvftn tciti I <tc^’*ift«1 >r<c»nn 

r<c*n fknn c*fcf ^}« »i‘cvic» 

citf ffw cftrwi ftics t 

»f<tfc«i «fti '<3tr« •itw t 'tMtfl ^9 

«l£«i »iuf« U^v irc«"ifli1 

^iOr *rUf i #»rcf 
0{^ 1^1^ nf9V( 

«IW ’Witcf <Tt*fftflC« w 

tcici \ 

*l%an VE-«I9 iH 


ciufi ttsf nt9 fi WISH m% «tt 
•ff«c<r%« cwxi ir»i ^tfi 

nmn w €<fw« c<^« »t«r c««l «« 
ctcf c«fcn 

i?tiw m9 V mtm cm m ifi nm^ 

fif«tn «t» ntm« 
f»Kn flCJ =fl< UtKH 

holographyPllJi W(t^ 

*rf’fnj ¥ciii K*^ I '•irttcwi 

'■If ^tcn flnff 
»ftftfr f*£■ I 


vsi* 


fit^f^f ctilff4ft< cf f«l8 

fiF» titn c*ifitf nWffti 

iN(.f «c« »ic>! c*^ycfcf, 

f^imi (.Spectral analyst*) 

Wtl^ Cftiftftn (.Spectral 

tlttisiticatioti of stars) 'lf« Wl »!•<%: 
^■Wf I <1 CUfif^^tCfi 

>fW tafiftcf £ft*i fti**. 

C'fffSl <•! ■Ilf^ ft<l I 
C*flfllW <«■<. ffff ftw 

fltl 50 ■!« f^f«t cnnt 

■Iff ftftf «jfr« 

fifftil W«1 cfirnRftfCf ffl trt 

Mfilf W$M ^f fiftf mm 

fcftOriff f ctffiff I ffi ■f fifi-fim 
oif^ fffati fiWi-ffilm ¥tif fff tt« 
ff*rtlf ifntftf f%ffi (Scieattfic 


basis) Xm f(f*tCf^ W •!•!■<« 
•fttitfi ‘■f Wlf «»*! ft* 

CfnffW ftll fJtl W 

ffitfci cf^ ^emritf fifc fstfi if* 

f 9^li ffcf' tffitnf fcif t «fff^ti 
f<w ■if^t fffi-f^ ftf cffi 
fff, 'ftiff iff itiCf itifftf ff ff 
If ft? cffi f«f« fffW^ ft 
■sff^i nff stff fffci fff fcf fttff I 
fff Cffi ftf. ffCff f<t^ tefw 

fCiffI ftCfCf •w •tf 
fff f^flfftltlfl wn f<f^fltf1 
fiCT cffi fti cf. ff€ fif^ cm 

Htftiltf^f f|W ftcfl fttfl Cffi 
(Lint) f1 Ciftffi (Band) ftWttfl ICttf I 

sTflif fWfi fffffi Sfi^ffft 





cnw m ^i«t¥ f^r^fti fcw, 

•mwf ^it’wn (Atm^pSere) i'ftffsi 

%XMK vff c^l ^lwt« r*i WH 

ww-hltf (Absorp*ttotj) 

m 4l fti*n ^ ff I €c«r#fe 

^x n»^fi«ti fjiit wri?t 

t'nfHw-ifrtj cMtnit cfti i«.nf 

fw I ¥fcirt r«ii ci<i ci<cr»inl 
cfts{ vn^Uiii iCTti» 

•W ffl. CffI 

•tmfi, <1 fciti < 

<<r4tri c»ti» tniwiwi ciii <i 

¥£« I ^r»? c¥tsi 

ci«jfi cf^i m, »nca> 

i«£j| M •itti ^ watfcf m9\w 
^ntftc^i i*i5irt ^ X* 

*tnti ICICI I 'ati't'srw, **rtfun 

nwfiti Uin^ ftci nui i 
CitJI wi« <<t^£» C#T*« fiCil 
an* £«ti ni< ^ 

c^ti afuci 

fkin •trcil »^¥t^a| ail^ 
icw atwf nim ^rtijn 

aifl #rtwi 

fta 51! I w af£i«, Ufn 
fitwi tnffU^i iidii caM wti Cl 
♦•rtfliiJ II afifititi it«i, cil 
ITOf i<i^c» cil Cll! 

H C«m^ VM ci^ fCU 

i^w%cf ^•rtfticw—M ifcwi 
ftttii ail ttf aHtiffi ^n% affi 
r»i If cntu fiimi i 


ttcff it«, I’fcaf i<t^« ftt^tfi iitii 
ICf lit '•tCfl fll^Wl (Evolutioti) 
III* ftij cfti nwM %n 

cfist ICl iCfCl, t*li 

aft* fiSi^ I «*«• 
itwi, ‘flfi nw9 «ti ^i<fwi fifti 
act f<n»i f\*ii ^icii aiw 
ifWi i<f^ fif«« 

a«l ifli'i fci! iiwi «ui iwiafa ni 

wi 1^1! ^iini ■»! licit 

icf lew i« wwc* itcf, wwfi 
ilWi t|tt iti lirtfi its ifttr*^ 11 
wttit icw icw 

itew! wwlci ItItItJl 1® f<f«l lilt? 
cwjrr«f<«f*?tctt ictJ afikj 111 wcifiji i 
^^CiW cwjtfiriwtil I. 

laflli (E. VV. MonnJet) Will til Iff I 
in ici, iwcn ifrilt call ^fi ewn 
fiticii wen •ii ill, 'll ca*8 

wf fitfctl flit wtci iwittwctfl itititiw 
ittittn ill I mtnew tt^t^ ftt- 
fisnctl f*l|»l^ (Miss Clvtk) fitCll— 
*IWCWt cariflftl Wtcfi 4-tril'«Mt wtf t 

new wwt^ifci wff w r 

a|i cw! ell wc^i wii! ’tf iw 
cntiKfi II fiMw rw«w|tf« af#»«tt 
ill flit fci cwjtfwfiat^lfi 11 fifti 

ifcii i4i*?twricw ai wcif15 aiti 
ca^ci 'tin ftitt atfi cmftcii i 
wii cafifitfcit am !(<♦ anil 

^»t^I cwitfwfi«lit wlftf Clfw (Fallwr 

A. Sfcchj)! fwfll ail IfJ fctl 
—ilW^i affw iff! iwui i»l 
wij. fii wiitfi ilfHcln fwfiew 
act! 101 fciwl airi ca^cw fifw wti 
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4tff 4,000 

ftowl w ^tlfl Cltltlfc ftll^ Oi^c* 

W 9Cici>ri *itfi ic«i 

Hftfl •ftl4t*lf<¥ ftlffttfCJH 

(itt^V (Absorption Une«) 
rsitiis, 4»tc? tm 
Ji^, nfcfi •rti4tir«¥ 41^1 

(Mctat atoms) fsC¥t41lf2r¥ ^ 4 <tT Cl¥| 

4t^ fi«w 
(Neutral) 41 «ltll4l (Ionised) K-| 
W •ItCfl A C«^K» ••fH Wll 
▼tftl C4ffes '¥*ri ¥fp (M^X9 4¥:¥t1 
•lt¥ 1W4I a|t*rr<l¥ Cittisll 

(Strong molecular bands) 'SCWe 44l*?tl 
ei4t4 ^fHhl W C«*ll 4ff«rtC¥ 
a|*(¥Pi¥ (TiO, ZtO) f4s*ll C«%f 
4<t^C¥ ¥144 (C|) «4t»!«lt 

(Bands) €4¥l 4¥C«I1 4<t^ll «R- 

fsftl*! C^lfWI ¥t¥ ¥¥ af4 •IIH V41 
¥Clf¥¥ I 

¥twti C*lf»t ¥tr¥i «tl 20 4f4 *fH 
1886 *1tt¥ CWItfl- 

fewt’flai f4¥tfi^Hl (E- C. Pickering) 
Cl'ft¥ 4Wf 441^1 Clfiftf ft*!! ¥¥ ftltl 
¥4T?t 4141 ¥C44 I ¥tC¥ 
ft’nWl*! f¥W4 «l4it ¥1144 (A. J. 
Cannon)! iltcafiflf ftlltf feBtal 
Cfnit C9*rtC4« (Henry Draper) 

•WC 1 *111 ¥tC4f f4ierc?4 feftti 
fnitlwi I feitl ¥44i«i ¥¥irr 
w¥ti f¥ti 4r¥if5rf %m c 44 Jt csntf 
Ht^fl (Henry Draper Catalogue) I ¥| 
tltf 400,000 4¥C|t 4lt^ cai% 
f4t4¥ ¥41 4Wail 4^4 will 41i 4C1 
*I^¥J¥ 4¥t¥f 4fp^ ¥t¥ ¥C¥ 


¥fl¥l ¥W ¥tt« (M% f4l1k¥i 4FtWf 

ft^tt^f C¥rtf¥f4«r^l1 Cf fUl,^4¥tl 

¥ ¥^f¥'¥ti nHff fkcmi, fiwfwt 
tf# 4 tC 4 ¥Tf 4^)4 nf« f^W 1 ¥1 ¥1 
50 411 c¥!:^ cm I 50 w fipi 
ciitfifemrcn V9 f.11 f¥l 

<1 cintfiteiH^lCfi 
c¥t4 %n^\ cw% iftci nfci fe i mtirt 
nil «rt’fT¥ cirtrif5aii4tc¥ eit C44st 
Ci*rtl ¥tp!f tl ilil f^I ¥ir¥ If ! 

¥4t5CI 4|1*¥Cli f<41 ¥| C4, 

f4*l¥ 4^4T¥ WH lft41 44t^¥ 

4f<{Cllf al fi«t4*l«1 4t« 4|i ¥C1¥<7 

«I4t4 C?S^t» ¥t1 ¥Sti 1¥4 «tlftW4 
C5lflf4»t1 C4 4¥C«f ¥1*141114 
r4#«^1—¥H 4|1«11¥ ^141 C*lCfffC¥4l 
ticff C1C41» ¥114 ^4fl¥ 

¥1C¥4 ClClIl ¥1 f*llC4C¥l¥ 

C¥)l f4lt4l (Physical principle) cftitt 
¥44¥ eiffai fiw I #lcfI ni1f¥¥ 

4¥¥f4nc¥ iril O, B, A* F. G. K 
¥ 4 t M—¥ 1|8 ¥ft 4 ¥lt 4 ¥f¥ ¥c «14 I 
K ¥ M m¥)l 4¥C¥1 4C4J eft4tl Hi 
f¥| mT¥ 4W¥ R, N ¥4t S—4^ 

C4t%¥ ¥11 ¥41 atltll B C¥t¥ 
M—4^ -tfC¥I¥l5cf Hl4U >r\¥7tf 

milWf ¥1!8 ¥11 ¥41 fClCl; 

C444 BO. Bl.B9 ^¥Itf4 t O CH%- 

'fW 4¥lil ¥4 4t¥ HiPlCl 

Hamr¥ ^•rm%c¥ (05 - 09) «« ¥« 
cm I HfiBift ¥C4 lt#1t#i 

flwl^ ¥¥ 15 m cmfiw Cl, #tcn 
fafal ¥l c«%¥l®ri iw^ti ilwci 

»4iri4l4 ’ Htmtil f4¥4(4| eKiS O 
clft« Wii %mw I4lf4¥ (¥14 
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1973} 

umi ^fw. «t*wiii 4o,oooTC ti 


♦tw c^X Wfwl irtff b 

c«%f wai, Iwiff I irt*i*itii M 
W* (2500*K-3500*K) i #tfi 
w irmi R. N s 
¥w irii I «rnnw 

O B cai^f¥ wcti 

w ^tijt¥-nfft! ir«« ftttci 
<itf litr?. «f c«i^ G2 i Mn, 
ai»« r«rci 

<flfR nfl W I «•! Cft^I 

«ti 6,000’fC. 

w« c^ »ti tnn ^Hstm mf 

cnwftw'*icfn 

¥trwi «ir«w»i c<cf. •i^ n’<t 

« r<cinrc5i iru i ffi <••• 
^5ii m ^icn *k <•»! 11T 

ntl si«Jt^ »¥llrt (Sir Norman 
LockyerX nflfr fttif 

frtn (Arc) 

•nir#i (Spark) ftU ^C^fif» ftNl C<»^^ 
Rntffwi fCl f»ri cftc*i«i Cl, 

■nfi^nti! wirier iifif'n 
•^rttRn fwp f '•I I”*) >jfwi> wtsn * 
fi, ^t# WIFI ^r# nfifii 

fell ^fii >!ti ^^itc« riit». 
j|^«l ’•ftft CfCH 

new nn%iwi %fi fnift 
fif *1 ft*?, ff f ««l Prmfttt fifi entn 
c^9 ftii n cw ten nttttty 
wa <wv9 *mw ft I #fi nw f 11 wt 
fi|*| ait I 9t«1 w« *rti (^afut 
W^iCWtClf) tffV*C*\ff if# ftff- 
^n (fm^ tf (Quifttoai tbcotf of 


eltctcomagiMtic rtJiation) m WHp 
nUwf (Tbtory of aiomtc tcfueturt) 
>nct fvBtilCTl €»tt lUtf^ ttf tci ft I 
•itlitwi #tm #ti 30 111 tw 
1920 »ltwill CWff Itfl 
If (lonitatton theory) 'llffltf ItW» 
ill Itttl *ltriltCH iftWl 1f9?lf|ftf 
iiKftwfcn iifi ww^%< wil iH 
cnfttt •iwftw I 

wl^ti it« itf (Mai Planck) 

'111 cftitlti If Intiftni iwi 1901 

itWl 'll IftfltJl, ,if# 

llfll 41 nftltm 1# (Indiviiible 
bundle) ftltci ftwtftl (Ab»orb«d) I1 
ftftf (Emitted) ffl 111 ilftltwr 
wci Ilf iti ffcinii cftitlti 

(Quantum)) 4| f<| Iff «rci 1911 
ItW itfricftl (Lord Rutherford) 
'Iti itiitnftf fiwi ftiftftf If 
(Nuclear theory of atona) Ifftfll 
fCllI *l| fftllt^t 1flt1,l CfW ff 
iff fft?WI fflf fH *|*^< lltlf 
ilflftf if# ftftf ftCf I Cftfti fl 
fftvi ft# iwiHi ftlfintii 4| 
fttftftwi Iflci ICll fif I ffl ciw 
mini Iwflifft citirrm 

fwi itititfn^i #iftftcii 111 V 
Iftll Itir 1913 ffti sill Cifl (Nieli 
Bohr) iff fllfftCfl 1lltl*If<tf #f 
(Tbeory of the hydrogen atom) ll- 
llfli fCl ftrt* fl#t^tlf*ICf fivf» 

fiwi I ^n cifcn fI If< ff ft# 

iRff Cffftllf If 4lt Itffltftl^l 

ftlf#Iff fcfI *rf<f ftowi f #tiirtf 
f*i» citWf fflcfttfi *tiiti5f^«f 
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wm m nm ( 26 n M mm 


>!Tfi ••I 

erff ^ 49ff^ ^smwf ttfr* 
icsitf»w*T »Hfici *fft9»i few 
fcif w«« ^cfj| fi «rtiw 

^tf^fti few **11 fttffiii 

■Iri >«> «^cf f«Pi "TV »{tftf%f 
f%fu %*?« «f4!l8 ftlf j <8flCf« 

ff*!*lfff»T«! »llt»rtf«W 1920 ntcf ft! 

0}^ SI|[S| «tf 1 c«!f? w ^ 

»!tw*n-*!a <rftN8 fi f r>frn 

W» fiw< ¥tlC81 ‘O 
«»ft»fC¥ I 

<fewfntff«ic-i •%! ntfi 
?rti 8<T^i ^fff f-ti 
ftWI fC« 

*t«8 {.%\nv fiw^ 

cn nf<^ ®nt«rtf 

tcicf, :»!\fcwcf'f cni »!8fif«i> r^f«it^ \ 
r*p!| w fiwf cf, 

48^ 8|ftf firc«f 8<T^C« Ptl^a 
fffft f?n 4ffc-ti ^ ftii 
»cf, vifiif ^raf^sc^ 

(Atraofpljere) f^fsi »(tJ|f| ft*! f 
atcni ’ffvfi cftf •rfaari ♦ 
stn ftHw irtff ftffi 

wi cfM ffffiww 
•fRin inw^ti ffii 
fwM I cn^ rif^tcifffi cf ff ft 
81 *18811 «fcfi nifififi^ >iiCKt 

c8% tcffiri 8itt» 88 f:«i a'li^cf 
c>^l *|8 ft fi *fwfn fnw 

C8^ Wft ftCfl ftf mm 8lf. tcfi 
fIffffCf TSJO’K Wl*ifntff3r« tcifft 
ftntf (firtfIn fa* fl f 1 *11111 «hi 
6000*K fn n>i fif8 ^ 


(Fraunhofer) l<f4^ > IcWtft ^ 
«ft“! I tC^HFCWffiFflCH (Cbromoaphere) 
8<1^ ailfJtWf *!tf1 ffllf 
«fw emm few Cl, wf« "ftif- 
i9:f Rffti itc*fi ^*11 *niK- 

ntCfi tnfil (Excitation) f aitfai 
(lonizition) Iff *fffl1C8 1 

fafJi *rr«m 11*111111 fi *ic*r ci% 
fliw fi< ci^ sitn fi fHw ten 
•fiitti ^nwi • ffiicn til iic^i 
4 l ficfi stiff ficn fffif^cfi ffft 

ff»! fi I fl «fltf ff iltf ff 

•iftfiti fIf fci. fit UK 11 mBf»f 
irti mrcir cwrici ffcw \ *lt fliw- 
tcf f ;*fifin 1 i Icif 5f iff § if*r« if I 
Slllff (Parameter) fwlcf fwftf I 

fit min*f*f»1 ncffn *11 «fiff« 
11 1921 mwi 11(1 cnintlli fKfci 

(ProceeJings of the Royal Society) J 
f«fii) ff.'if cifirtfiicf ■ttt 
f{iff-iffffill Tf ficf friffi fit fli, 
fl *fci Tsfi Cl If cl fill fICflifi 
fctf I fafi iwf Cl. cfti ifcii i<r^cf 
illrficff. ftfiiri, ft<f It 8it cftf 
niKtftt^fcifICICI fliii f fiflf 
fit» ntri ft Cl, ^ ifcf > Ptcf 1 lilftlli 
ftflfl icitfi f« l*f\f fifM 
4| icf Cl. >ffc«i ftffiscf Cl in¬ 
fill ifi fwi. fi i (fW iitfltn 
*rtftttf>icf inff f ftm •fcf ftwfcf 
*fitff,.iii fw wii ifp?)cf i iftiti- 
ffn ewra €111 %i ciitfci cffi cii i 
w 111 ftiii cfici ml <1. ffcii i<f<<t 
ftiti) nflf^tCTi Prtw cici^ifiw 
€€i flpi, m wifHti fwti fcf 



fit, 1973 3 wtn m 


iN 50 fn «n^ 

4i\ fttiiti *ttfi ^tftw 

vl^wtiftn ftf «rWfft« cwffWf, 

••u iftfifif f»f%f tnci 
eff#i¥cif I 

f jif H 9 f tfirfi ttfi ^iif f • 

tnt fw, «Tfffi « 
wti'f ’■twcf <i#H fin •fifi I 1^^ 
•flVtl Cftl Itl Cl, fl ft»! 41^ 

fipf iiFcii i<t^n 

fill (CH), ffircitm (CN), titct’ 
(TiO). 

(ZrOX f ttl (Ca) tlltfl clll- 

(Molecular bands) fmii. ffl 4ftffl 
wail i<i^ci ’ft! (ftufi ^1* 
Wplf Clltlltl «lf?l few 11411 Itl HI 
1^1 Waitfifi3 4^ i^Hf fiwfiiif ijtiri 
4l Cl, f I iwn ^ciwiti 

f «ftl wtcn fill ^U ft Cl wfff 

fwi win ifci, will i<t^)n wten 
wfwtftw (limit WfllM fl I WftfWI 
tww iwn tcifiti Im wiiii iwifi 
wnn wfwi iwi win ntw ft, 
nclpiwtin itifti III ftrwt > 
iww iwwf i<i^^n w^wftw ciimiti 
wf^ itwn wtti III 
wtiti, Itwi mil^wfii (Metal atoms) 
Wlt^ in Ifw i 4Cfi wtwi-fiwi (loni- 
zatioa potential) wtifiiws ^ Wf I 
wnwifw w« wte*^ 411 tnftw ici 
wiir 4Wt«iWftwwt*iiwciii4Wln 
im intt* t nwi tw fi w witir iftmtit 
cm ftfCf iftw I 411 ift wtm wwl 
wfiwwi wiwti wrm fHi went, wci 


cfii 411 iwcwi i<t^w itwi wntli 
Clltiv well ftu 4H Itwi WtlWf cm- 
111 mKf tiw iticii will, 

wftfwi wtiititf Itwi ifitin ci%i wtwt 
wtiftw ici 111, w«4i wffi.*ftmw 
•ffltllftwciH 1<I IW If! 4n WtWWT* 
ciitwft in iiii witiftiti 

•fiitli ititcir 4| fticif w>wtf tiffw 
Clm cicw itci I i4f^ nilwtt cm 

Itl (I, UtlCl II tww M cwliv 

Itl icii iwm ilt^tn wf^a..rniiw 
witlftriti wtiiftw 4227 A wiw- 
intn ciitt wff fiftiftw 

tww K catli iwcwf i<r^n 4t cutlt 
itiif cmii wiiw. wjtifuti 

wtiftw few itwti wfiftw lltlflftCII 

3963 A 4H 3933 A wiw Jfctll ( 4tfl 
H 4H K cm ici) IWCIII (Doublet) 
cm (in ircwi wti« nftw tiw G 
cwti iwcwi i<r^cw 4l Item «jf*i 
fci 4cl I will 4irci wftiPrin 
4fl fsl wtiftw ft! CICII wfliwi 
tww F 41^ A cw%iw iwni ift^cw 
H 41^ K flltif Wflft ill few ltd I 
wfii > iwKii wtiitifi irfifttfi 
wiitin f in wtiftw fci Itl I wwii 

« 

4Win wtiftw lltlfllttll H 41', K 

emu wtcff <ic<i iwti itici 
itci HI [f'ln wnftw irtifiifcii 

cm I<ri3i fW^iTl (Optical range) 

itiT new II nn, cnwfiw cm ifi «i ] 
w# Cl ntw Itwi niirif ciiti 4l 4wt 
fill itcWf 111 ficwi nnttir ninfit 
ntin Wfi fCTCf I 

fficftcwi nmii ititi fnftcwi 
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(Bafmer feriVs of hydrotftfi) CfCV VCl ici^l 

lilies) fifw cff I fH fWi «<fi i eiw^v G. F 

^ •fwti ^C’fsr^ti ni atcv A csf^fp siwi 



1*!^ fs3| J VCH CS'^tf 

fticf I 


4wn cffsi mt SCI 

tiw <e| etiiti cift* «?t 111 ffi 
fticstw n«»i«iL r^iii vci tw 
'•ifti nwl^cwti M 
f«ii wffti 4 'itnetaiti 

fiftfl '• f»lC? ICI1 

*iw (M <• K «ein 

nfS| aiwi 
itlrstw^ nwtt* ^vm cifi 

*Itilllf cw^ ffl, 

Hf ^twn*rf 
nfwtl wvr% sitftf («vii 
<ftf 73%) I sii tm JfTO 
%sjr f«iti sr<rsF ft^- 

«fiw nvm «f 


ci<rt*iv iflK» cfft cfii A 

neFitii sitefnar*n if^iifi 

citj Ss.'ftfwf nc^ ^ictci ^ff*i I ^lee 
Nicel A w«f efr^cn effft 
cwfi^f crs^ cftj cf 11 

fiwii •nntitfS^ ^tf^i 
%vs sffisFi vfjf »iinri ci^«f 3 w 

-if» irn tfti I ^mK wmn 

tw «f| <?t€« •rill ^ 

B Jie^ O CH^w sw:w 
citt*r|i 5 %>c« tii 

wif (it%i i<ri tttti a«ffi ^tfvi 
tm, ffc«< >rtftwr 
^«etsn fii «mi I 
tftwiw 





cwti vrri iirwtwi wi 
f^fiiim mifif fh««f% cw, 

tim WCT It 

m9 «i 9 «rcft« 4 i 

4^9 B O C 99 ^f V »w»cit 41 »f 


4 ¥^ ^rtir %m ^<t^i cifttfiiw 
vm iTOf Wfw«w ifTfCTi 

HW ^k^\ ^9 (Narrow and (ihirp)t 
w'jfntv, ^m*n 



2^^ flai: wn CK^i %*ff ftlc^tcw^t •tiftw* 
iW« cf^twt ititi I 


f€lftaff ^t^ll 

cwf^ ftf^iit^ n«ti- 

fiJT» C<w»wa B 41^ O C4*lf 

^tfstpw net <lt<tl ^t€« -iftFI flCIt^fH I 
wif rfftifcsri citi c¥^4iit4 

»l<tcw O ariFCJf rwt4 I 

4 rtwtwti wi< tni 

«t 4 fcfi 4 «f>! 

■cm «f<t C 1!4 i ffl ^tC-iTl fCICl 

cf, ft*t« nfi 4 fli 

swfPi i itcni «r»f«« <<f^f 

^ ^n:< I ^fii m 

c^l fw «nw fc«, «it 4 tf sH wn 

^ 11^4 < 1 % «:<! 


CWJ«t4 t5 w (Broad) J nw 

cm f^tWI W 
’»Ti njic*t« n*?f Pi<i fit 

w I C4jtr*fni(w A l^iif wf 
^ff 'iiftfi ftin, *iwi ^frffiri^pn 
’flliffti) r«^c^i ftPif w *JWf 
w I 4f e4f cif If 

•itfti’tr m fstf*!*! vat enw wi 
faatcjff cfj^ '•Cf tit 

wi ii# fw titficii ndtear fiiii 
«itc«jt»ai tn cwc» *nci i 

mwt, Vfii (Red giants) 4ii 
ntil aittftaiCfi (Red ttfiMcrgianti) fft| 
Mi «fl fiWi fiWi tCf 

tti m mnn ft tfai 
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ffi ftn f’l ^ 

th ^fii c*i^ ftcit vci c^iin 
CftW aiif* •lt»l ff "It*? ilftf 

WCf, ^ WN »Cil ^*tl( 

^fiff tufipil RiFw«fi» ntwt^^ I trtf 
Cft^ W '«I'»C1 

ft^Cf f Iffr«n ttf I ff 1 «ICW 5 
-•1 fi «ti« cf^ fftifiji ftf 

ffIfNCf I 'fCfi sm (Intrinsic 

luminosity) |*l^tl «rtl 100 «1 

<H ftCf I ^*15^11 f 

vif »itfrii»rcf <rfi 10 , 000 ci?f 

10,0003 fM cf% I ftff f1 fftft*lf 

«n, snp«f8f 

fitn «tf «initi fitn 100 

fh fitif c^% w fff I ’^*1^1. fi* *11^- 
fff wm ffif 10‘ »«f «tn» 

nt«jni fti ffi I •fl 
fitHii«c«i cf cifl 

^•fi ff, ’ll ff >i«» '<n ftcw^ 

f’fcaif ’•Iff cifi cffc»t 

ffm fin cf, ffPifc -ff 18 nUn fi fftwtff 4 
^n\ cfftt fiffi ffiwn fttff'iSffff 
'^•if!• f3(<f ffi ftf I 4t»ifr5; ^cifcftfJ 
Cf, ^fttfl fitf • fftl 3 CfC¥ 4 fffijlf 

(ifffitff-10*) fn ntf •rt^ifTfCf 

intifw fcfi •ff ^ftfi cfcf 

*rlf41i it«f f^ftf |fcff frtf ni<n w 
fttfl flffW, c^fcffff •tfftlff 

•If Urtf flf fJti f.opo’K (f^lltf •H- 
fin ^ooo’K) 1 •tc#^ ftl 8tfttntifcff 

•w flf^if i?)fOw •fi •^•t^f 
••ff tf fWfif fff •!• mwi • 


ftfw fftw fwffrtf ftftftf ffcftf 
itimi 

ff^ Cf^ftff 

(WUite dwarf) (ff%f ffW'tfl 

SffW nfKl nWM ftf tfftf 
fWf fFfll ftffCf Cttt, •ft •!■ ^tl 
cftt fTlffttfv frw ti I ffrntfUfft 
ftf a«ll tmi ftiftft 1 tt<t 
ftfi ftif, •ifftn fcti cf^ fct •tff 
ttfi (€•% A • F) • f^ f^f- 
•1:f* cff wffi tl^st ftf 

ftftl fiti^cf tfi ff t** 

•I •{! t;tf tea fftf I ftt ttftrf 
•11 fit < 5 fffftf I •*!•*• •Cf* cfCf 
w t?-fft ff ct^D'f^tw «rn •• 
cf{5,f 8f I tff ffCff tttft 4tfl 

ftiiti cittsfff ffcff 

•ff BfTi ft8C3tCtf 

nfftlfcftfti cftltffff cftt 4l 

ttfftffCff Cffi ftf i tit • ffi* 
ftfflff Wf '^ff'O Cfft ffctl l^tftf 

•Wf-t’ ettt tCft ftttf tH Cf^. rtf' 

fffftff iff Cffflt tcttl 

•tff-t’ ctrt ftff ftfrtf •f tf I 
ffrilCff Cfttt^ tf* tf' * 

•nitcf, ctiftvcf«tff^f cfftt^ ••ri 
f 4f^ tfvtftt i 

itftt# •nttfft ctet cwjtfftHitcf 
•If ntfti fttift-titf ^1^ •fftiff 
ttltfli •t•r*l fftfii ctrt ntft i f<t^« 
CJfPitfttt 4f' ct^t ^fftlftlt 
frttn fitt|Rif ctTtftffwfcfi •• fftl 
W3<fffii filPifft 
ntti rttt ttfif •Htt-^tif tt'ft 
•tititi fttit I <•!• ftw 



^.1973} 


•t»i 

wn •itcw. c^i;^ 

imit C9im ctfs^ uti^i ft*- 

fntpmnufi 'iti m 

5W 

^ 5»«. *«jtff I «* «nt» ftn* wtfti 
4VC«f ft<cif cwjir^* 

ftwr^tcff ¥tii ""if* cft^ 

flTOi niHi «• 5t*i 

ft<f w%\ in—^ttw cwc^fti ^t^fi 

cWwtcni *rt«nir ftn 

••n Wtm: *’•11 (Apparent luminoaity) 
•f« tif ¥11 Ifl I ¥? !t* Itf^— 
SI1 mt*«t *: *«iiT WH l«CH »'tf 

•f¥ w 1141 •nil •lii c¥n 
i¥jaf ¥ti cncil !jft^ 

CW «* l¥lf5l til ft<f ¥i1 w— 
(•Itftftiifcai A. ftufl •tftlli ¥*§ 


*mtf «rt*¥ •ntwl 4 ¥i^ 

¥11 '•IW-mtff ¥rft¥twi •wft« 

mA ¥i¥t^i cwjtftftwti^ni tpitit tti 
ilC*f1 (H. N.ltuticll) iwflw—••tw- 
¥Cfl \n ¥nan ft-M c1l*l C¥Jtf*- 
ftwracf^l «¥fft« ¥IC11 ^^W l<f^f 

c«fift»n*n fifti VI t¥t¥ ftii* •fftin 
¥C1 ¥*i Itll *•11 •¥ ¥¥1^ ftlW 
•tft*ti i*cin[i-~in i¥ti«i •ill I *i* 
int •» sriillftiiff 

iciiintci in ifit wtt 

¥iiwn 1141 •ntc’fi «ri twm 

iff itn.•tutft I »*« itciwf cil 

•¥« •¥« fltl Cltl I •till- 
Ilf c¥iififi«fcii ftfii ititci ftm 
nic^t'i 4f»iti ftci •tw 411 4¥ •tici 
flr»!t¥ icicf, II iiiTi ft»n*wic¥ 
•ill ci\ll¥l¥ I 


.-^31 

ii^m •nn ftwti 


iini. 

•!• 25 1«.H Itll lK*n ¥1111 ftwtl 

•lUf ‘wfi ¥ ft«ti’ ifiiti 41 in, 

¥1 ft:*!l¥Cf •ltlt» 1 •nun CWCl 

cutci ft»Uii •in •cimni fiin 
tl ¥¥11 Cl* If, CllUl •l¥fl¥ ¥tin 
¥«n 4¥* fi«n iftiti •fn Ifiti 
•nt •cwiftit*! iftfti¥- 

i¥^i fTiii ftju’m *wicinj I 

mti ¥ ftwn’ ift¥i iKn ¥iin 
•¥m tomitiF ••nr ftwti ifini. 


11 ftwici *i5¥ itiftif fintii nl>U¥ 
mill ¥icii i!if«tin ft«n—4* nft 
•cif ficn ; •f¥C¥ inmiiff ftwtcii 
•m initf ici¥ •well ftiti 
¥tii 11 Cl, luii ¥riti ftwuif •m 
1111 •!¥ 41 fliri init ICfCll 

11 Clt¥. •till •til iff, •!! iflici 
4*cil ICll lftl*l l^Cl I 

fit min ftwti ftm ciw 4¥»i 
•in ci*i •t¥t¥ •ntil «i¥i ¥ini. 
• •tllUf 1 11# ft <«lff ft, ¥1 itii 




18 a 


•Ni' 

w»i«mji £*r^i9o0 
»itw f*!ft»i «ft“f fttftw 

n« 

tcwtcn t'4fi8 «ftr-i« 

fWf infft rwt4 nfifi cw 
'WH* *1^1 f<ncf 

ffl^ ^tir^l fticfi ’ntfi ttf^, 
4l ftwtf ^cm^t’rr ^ii 

^1% ntHtwi 

Cl ^hi ri*!, ^1 nn*itr<« 

I ^Tf#n» cft5i« 

w ^11 ijcitf ?(•ipf^ 

ti» wfi. nfti *frmf 

ntft fwl8 fWaf *if4ffi 
^V9tn I oil ^tnjifcfi ti-fw (‘«fi?« 

UmU\ fnil, 1972 ) i f#f 

'«! fi«ici ^* 1^1 cfil «i #c« ftf 
VF fi1 I wci 'iit*r*ftc?f ffif 1 
'•it ^ft ti5^«rjhfircit 

«Hf ^1 «Cf «*t f«w ftf fCM, •! 

W '•I ^•it fC^( •tt 

^1*11 ffl oit f^^ti ^tniftcfi ^c»t«icf 
lltfll fHMI 

•ifiifti 

f3»*rcW 


(asm 3 i vfK 

Riti ^f^r^fcfi inn Ifli, fici 

for f^ci fircf m 
nt fci ncf 1 «tit?i 
»!irt c^ •r3i*!W«t*ti f^iil 
c^mm ^r® fcf, «i cw •! I Pit 
•Ift f%«tC5« Affi Afw ft*? ^«i 
^liftAf ttfw «r<»j fi J •t •f»Kf 
•tcif^i f^, Art! •if! A«t3f •iftfti 
jpw^t^ nn% "ff itiff iHfi fw wtnsitii 
flft-r fv» ^in«, ft <t»! 

•f*i MI fill, AtfMi *ii-n^fi •wcfi 
ntm ’111 n\ wwt m •! 
▼w A«AT*inif itift t*ffi 
ICM I 

•mtfi, •H^ni lA itcf itit. itc^f 
•••: otfin 'fiffli A«r’-4i ^*ri 
•fC»<tMtl mil fCM, •! ICl ••!• 
'Itl 111 

•rtwftt fii. •tiiitii lA if.ittfi 
icf mil fc« if^ii- 
cicn f«ir^ ifift •tMH mil fCM, 
11 ic*i •tmn ♦icf itwitcfcif A»t^- 

1^1 i-m# mfii i«i 111 11» 

ffllltW 

19, Item iifiii cii. itifi 






Tift — 1973 




rHcs fuffcn c«fi«-^9W « < >«i ^TfTwi 

fijfrjs* tfT:^ #farn -f.9^:9F i'f? •■itc? *‘«tT» i:^ 'rtc# ; 






ftci nT^rttfi <«fti ftm \ 

^ aft¥ w ’■rctif ff 1 ^wff, cvc^ft 

wft J f^|V^<« aiiR '6 WCRf ff|| HftiJll iCf cw— 
fii«t%n »ni5^-ft*!t^, iit^-ftnt? ^ttt &i»in wli fif*rai men— 

<41 ^ti« WTO cs3?^ irw> w^tn TO, c^troti TO* 

^Wti TO 4mt oiv TOti?i ftw I 

TOUT! ^ 5»1 

CTO« J«1! TOI^ I ftfw C^Cf fifll TO 

flft* flflf ff I vim «| ^iCff I vi^tH €fTO 

c^! ^ ff|[ TO TOtl C5^ f J 

TOjt« fkm^ J! ^ m% ^WMn ^ few a»^t ^jlWii to 
fMtif ’If fww fft*i TO I fTO* w* cfw—CTO Stan f^fiw wti 
^tWt’Cf ftew ftto ftf5l ’If*! 5 C¥Tf& 70 *W fll fSl4f TOf I <4 

lt?1, IfffiTO CTO TO«^ff^ 

cf»i%f fcrt ff cfT^tfii? (^^^ «Bfi»i ftftcf ff cf, 

TOtCff flf 2 CfCf 4 Cft& fff fCf I 2 CfCf 4 Cftfr TOW 

fCfj fcfTO ff «f 1 «fltfUf 7 ^fif ffcf cfltn*^ aif&t 

ftfH ffCB ft¥n ffjfe ff I ft^ fltff ffftl fCfJf WKfftf 

f ftffll ww I 

7ff ^tTci TOftf VI (Sedimentary strata) fifttcf ff ♦(» fClCf, 
TO fc*w ff^i fete Tftlli fif ft<f f vcf fro^tfi fcfl fCTOf I fti 
TftItTcif f^« ftftf fitfftf ftfw TOftf f« ffftf fff If ffiti 

wft ^ftftftf ftf 7 ft<ti ^^vfftf an- cfcf fiftf 15 nti •ift 
«mwf fft fffti ffitf Ilk TOttoi Tfiff kni ftii fw ft 

TO ft<I fTO ftci ftftct TOCff I ftf »«fk ftfC% ‘iff *!?tc^ ftf^C«f 
kftfiTO’f TO ftlTCff fTO ftfKf 1 ff 741 ff« ff ff I 

ff nIftt-ftItTO ni TOitw ft»t4^ fft m TO f tow to cftftftf 
ftfi fTO TO I fTOf^ itii Jik fro wtff TOfft fiftcf TO w fTOW 
TO Cftftllf fflcfl fftf k*» ft4f TO 7 ftTO fff WITO f«Cf W ff I 
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♦w ftwtl ’TOR C^, «ft« 10 TO '»rtc^( TOCf I 

WFt»! c^it¥ ^«w TO ^ TO w cmfiltir wcw TO mm 
^tTOl TO 0^ TOW TOtWI TOwrCf ^ WTOiW» 

TOrt TO 10 c^tfr ffW—ill *!TO« toI TOKfl TOTO 

in cncf I %mi *wi nc* nrn ci. i^to »f^tw to ntfviti towi 

TO «i 5 f nfiitc«i ncf ciw i 

<<1 TO fTO^ TOli (<RSil iKTOtl ni w 

fiirroi TOW »WTsi TO—TO» ¥irt »rtfTO fTO 

TO Mi t TO fCii? Wf’t; 2 C¥tft 20 TO iff WtC^t^ •fMl 
^^TO inn r 

TOUTO *fl1c<l CTO^tl (Radioactivity) « trwH *fWtl 

TO Mto ««▼ TO w«T»nt ’tin ^nn i c«i%i *fft<, cw, nrfiiti 

«lta^TO-<JW (n nri ’^TO *ffiw n) PntTOi TOi ^*nt 

Ml TO ^Wti TO TOW mitm to inm i 

*wtc<f A nwfwntci itcw »itf«rci to ci 200 citf^ iftn 

¥1 TO *!tn 11 —n iTO fii fiiifni mm i ici ^R^ti 

TO Mtoi ni t5^ ifw, it»i i itn to 

WTOll (Assumptions) itfWr C^«11 TOSl ICTO Cl, ntftltl 'S 

ltafim-11 ficTO TOfin i*ni ii i oil to 

iim ^ TOii iti Rim TOI nn wmw ci% t 

•ffWtl TO RVi: 2.00 CRtS TO—till fi^ •ni iwA RH TOtWl I 
iwtt Riiti TO ffwfjftR ^11 RRRRfSf TOtn f^nm, 

11 ti ¥1^ m HcR ^<TiTOti! IlnP^iii, cuftm I’^in» 

TO 7f^?ll TO TOlf llf^f¥¥ 3pj^« *101111 ¥1 TO I 

«rtf i^in cTO^ *tlV¥W TOTO fiOn im mm 

TO Rf¥ TOl¥tn fl»1^«1 ¥« 1? flRlR ¥nTO Cl. 

lllRTOTO2,00C¥ti^lini¥lTO»t» WWflRtni TO Rtfl 

^ t^I lf- 11 inft¥ TOW l¥tl TOll TO TO« » 

l^im *l?n<l ClRlilWl ITO fllTOf TO Uf¥l TO fNMW 

intll Cl, ^flUi TOW RtWClt¥TO450<¥ttlHTOll TO 

Will wtiin TO TOI wm *tftTO ¥n toto i 

®i(nrtiiiiw 



♦rtiwTWi ♦ffw 

wti dWm ^nr cf*itfffSnit, it citiftf ici 

^ irwft «M cf fdt I 

1. 16 C>!ftfi|ln 1 9 C*!lWliJti «Hl ««lt ItfltHCf <«nst H- 
ItC^lNlf, ^tti c^!5ftlt»{ f?CI Oif © 12 

till HI ftfl 

2. <l«1 ftf. ift oiflk fCf 1 *\m, 2 *tf»!1, 3 wn 5 10 W1, 

20 nwt. 25 *n>n w 50 ^ cwtittn fiftn < 

(«) c?t^!itftf «rtiti tfTir wtti 88 ni»rt i ci uti iitift! ftw 
^titi fHim f?ci •itiw ? 

(<i) ^titi Rt*J 46 ^fir 11 im ?t*i f^ci T 

3. 5?tc5 c«r% c?«?i mi I «iciri c«tlfl ii ifC4 f 

(f) l+l+Hl+i’« +. 

{^) l+l+HHl+U. 

( ici 187^1^ ^4l CMH ) 

f MU 1 m ^ 

• m isitHit H r^tfun fffiii, iifnii«i-9 



irttiiilH TOi iw 'itiit c*tci m nfm* *nwt5t nn 

ftl tt4l Itfll I odiMf nwtl cm'9^ 1 f4^i| 

Htl Itil nftli ^i; fflpiUf (Nuclciu) i 

iRf I cfM oftwi «ninT^ti Iwft^ 1 c«tic*« *R<»w Mwt ltd I 
*Rijti Rfilii cm ftci iti cittini fiftci cm t often »ii *twnp 
TO Wft Ciftfcl Utl, ltd Clt wtiji iRlTt (Atomic 

auaber) TO i ftf CIM Cjftdl TOUpi iRUtl 5M-|ft 
8 
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f^(%« W, f%l ^ ^nfwfll* «ltWF I «lfc Wl WtltlF 

^ Cftt C^, 

«lttwt^cni ^*ll% W I W (Atomic 

weight) r<ir»i fwe, oiflr cij)*f ilft (fnflif%¥ ) 

01 UC« » 

f^tw ^*1:^ *ttfi c^ iw 

C*l^ *1^ C«ir%f ’?tc*ri W«-Ts^n (Maw number) »«>, ^!?1 n^»ltltn 

f¥i I 

m ntw, nT^tcitcwwi '«w 1.2 

ff3 nn *11:9. f^i «f9 c^nlt (H) l i oicwi 

flfgi W Oi^ «tw— ,H‘, jH*, ,H* 

[ Ol’f H-J19 to ««-»R<irC¥. ^♦TfW tWF, n\ to 

9f: 9 Hnai ni^c>rtc)ltcn« f^fiia 'ewsic^ 3 

cw Mg (5»jN;^f5nrtWi) «ittc»it»l?t*f--,,Mg*s „Mg”, .,Mg»» 

c»i«n O, (utoww)—,0*s *0*«» ,0*», .0'“, .0*» 

CW A1 ( )—J.AI**, i,Al*s ,»A1*", jaAl** 

cidi*tC(¥tol )-•€»•. ,C‘», *C»», eO*. .C'* 

«lt9t9 »!*«« C«f^1 ^tfl c<l» (dtc<n« 

ntlt»in^?fc*n[ w mm toi 'em nnrn fi. 

to f«« f W «tCf« (Isobar) ^ i ‘A’ 

CT>c»!i’^tcntc^ti<^f«r *B’c*»tc»d ^t^cmc^n M nm -eww 

»Rt^ fl—^^51 <<W /5-TI r^Vf\ /K^ <.« ^ I 

C^itto^tl (Radioactivity) ff¥ C¥C¥ CflC*! 
to ’Wi :— 

(I) 3»!i-dto¥nrt¥ ,0‘s .O'*, t,ci»s „ci»* 

(II) €itfto cwrto ^nlcmdtn—Pbt®s Pb»*«. Pb***, Pb***, U»** 

(in) ffai’j c«tto ¥ilart|9. toto, ¥nwt|ai. (into 

«w »!tfRfr c9\dT9 ftila >it¥mr ft¥-ff% ¥tf fto cwilii 

¥11111 

¥nK¥i to iwiti utnin fito ititito 

tom, Itllittwst ¥t<l Iijtf5l ^fl l (Aaslmilitioil) toi 

IJUll ¥111^ I #)l-tontll CWOT ftto ¥Wto ¥!eipi 



m twtl RtdicKphosphorus (P«») «CV1 f»l%wfiwtl, 

Radio Iodine (I‘*») cnmiiTtm WW, Radon (Rn)-aw flfff«r— 

vrwi citwi fSutro «n^Tffv «tw 

¥tCTfin miw { 

C *mW\ ) 

1. 



<®)aRfin 

C ^Ifwnlte fHfcf mtn a« (eKw^i «i cfftcwi acici i Orcf 








flfrl IHW sfk* 3 cn.ft- « <1 fww 4 aifici ^mw 12 «W!| 

•ft^it ((t)-fw ari^j) ] I 
2. (♦) 4 
(f) 2 

I «il^ift '•tftjf IN >ft«itw sRtftsr v*^t4 wiwj J ▼!, «i4i 

Ifini f^l^I ^1 n, n* *nPri; W<ti 

fcf c«t^tc¥ N *11*0 ffc^ fc^ I ¥N, St^ fifcin c’rt f^4i ot— 

F (ni» n„‘** iim i N) 

0)^^, N mnt ffCIl 'ifl ^ n* Wl ’ITfftl VWl 

^VsfUf^tl #9 I w 4tf» W N~d», *ff>n ni» Di-'n««i 

ffH j 'il |C«\1 F (ni, n« • n«-i ; N -n».) I >1^4 m-'lJI ffl 

Dm W1 iwtf fl Pi ^ti| Di, n, "nm.| WH N mil fwc^ i 

wn W F (n,, n,*. Dm, I i N) I 
* • F DfiLaDm \ N} 

■■F (di, n****nm-i ; N*'Dw)+F (di na<>«nm-i i N) 

•til Prt¥l «ff^ nilCf %I5 •ICf CWi (¥*11 **^4 

»iwii «!NPri I 

*IMi 1(15 ^4 ^tfW ; ^ff ni+D, + • • + nm<N, sfctW ^t*ni1 N Wl 
ffC« nrtt^l j»t i F (n,, n, - nm ; N)—0 I nfn nm>N, Dm W1 

^IHC« «tTtW F (n», n, »tim ; N)-F (n,. n, "nm.i i N) 

«fWf» tftfiwi 'Itw I ¥1—88 mm 1¥ 

<f¥ii ifti cni mmi s ftm 

S-F (1, 2. 3. 5. 10. 20, 25, 50» 88) 

-F (1. 2, 3. 5.10. 20, 25 i 38) + F (1, 2, 3, 5,10, 20. 25 ; 88) -(1) 

m IWI 1+2-f3+5+10+20+25<88 
ti^hrnf“Oi 

Ullt^ S-F a. ?» 3, 5, 10 . 20 . 25, 33) 

-Fa.2,3,5.10.20 , 13)+F(1,2. 3. 5,10,20 j 38) -(2) 

•t¥ frcf 1 «W 1 nf F (1, 2, 3,5, 10, 20 ; 13) 

-F (1, 2,3. 5. 10 V 13) 

-F (1,2.3. 5 i 3)4-F <1,2.3.5; 13) -(3) 

C^ff 1+2+3+5<13. wn F (1,2,3, 5 i 13)-0 

Utiti F (I. 2. 3. 51 3) -F(l,2,3; 3)-lF(1.2; 0)+F (1, 2; 3>l+l-2 
tfltn (2>l\ nOllCIl «tl (ftff W *11-2 





^ F (I. 2. 3. S. 20) 3$ 

-F (1.2.3.5.10 i 33)+ F(1.2,3.5, »i 1« -(4) 

W.1+2+3+5 + 10<38 F(l.2.3.5.10; 38)»0 

F (1, 2, 3,5.10i 18)-Fa,2,3.5il8)+F(1.2.3,5i8) 

-0+F(1.2.3.5,8) -<» 

(2)8\ 8ft Wtl »f8 Wh "Wlt 4t8| 

F{1.2,3,5;8)-F(1.2.3s 3)+F (l,2.3i8) 

••2+0*“2 

.*. c?l^ 2+2-1 83 Wl Cf «11 

i) 50 + 23 + 10 + 2 f-1-83 
ii) 50+ 25+10+ 3- 88 
iti) 50 + 20+10 + 5 +3 - 88 
iv) 50+20+10 1*5+2+1-88 
cm* orfiw PiKi nwi 2 

25+20+1-46 
25+10 + 5+3+2+1-46 1 

3 . {*) 2 

(<) #411 m—c#« w* i 

t if) 'ffl# # 5 ^^ C*% <ir»{5 If ncfi I «f,—4« »|*lt 2 i 

\mV9 #*!tci nft #«i ntci I 

fCf ¥11 cttf 

S-l + i+ l+ i4-i*+' 

Cf w« #c5ffi It# I f nri #5 W»I 

fS-4+J+| + i‘i 

Pint# f»w S-*-^ -1 
A S-2 

(f) #«* **1^4 ft 1 cffftfi f If cr, n» nt n«ti fti 

cm^* n?f ftcf I w C8i^« cf cftf ^ c##l ff «f i 

C«%l* cf «11 ft# 

+-!+...(^ 41 # ###) 

fw ft i '•ft* fitfUfi »i*it «#« ff 

fw m cfftif 1 ftn : 

l+f+Hl+i*H+^+ * 

«i + |+(J + |)+U + l + f + J)’^tl + lV + t’x^A + t's'*'i« + lV + Tf)4' • 



m Ante 






(H\)>k 

<l+l+f+i)>Ji 

*ff «fni I If, f wn »it«ifaif«rCT wPw ^ 

l + l+i+^4‘*** 

wcmn mits cf cf t^ f f^tri ^ i 

<ftfff^¥ «nrti (w )-c9 Him «^cf (^ Vm Hff cf%c» 

<A^ ^*11 ] 


«W'e^ 

«w 1.; iltif ffi ffftm ntfH m ? 

«rf 2.! ^cftfntw fffrc’? nff *mi f 

wfirttitw fftf, I 

1.: fifei C6t9im ^*irci mr^v\ c«i fiw mm ffir, ftw 

ffj»l> ftcf, Hf!i» ^ »r^f f Ht*! fitwtcf 

Htfl c?« I Hffir fiiw^ if^n *rcin «cfi ft i« i 

ilt^i tWi»if^c5i if^cf Ah, h HiH im HtHtft ff^r« ^mfi «iTCf r 
^1 ^Vk rnttiH tfitf HtHTH fm citif-nai Hitcii 

Htf f« I nritf-TO Hi ic«« ff^cf Hfai ffi fc« fttf i Hfif- 

fanr ♦<#!« ffsit f^fwr««« «r« fttf r 

AHTO.firAirt h^ fAitntniwfi i 

fcfi Hf f Cl Htif-icti n#fi Hiwrtfii tfti ft fci—It liN n i 

tfl 2.: tcftftftf Hif Htl IcftftftCWi HtlWl C«ntnHtWf HtitCU I 
WH Hf t llfcm HtftCH I C«ttCHHtCll OCfl Htffir Hfit fltfl 
nClffClACfr ^fiWtSHltlHCtHWCHtCHHtlf’^KWftCf I OtCUHtffil 

Hii fit 11 , itcf citfiti 111 c«ni*iHtit Hticif itfticf firtf ^ 
tcf Htci I icH ami tf fnimi itftcn Hticn f»Rti itc*ii ft n 
Hi^ ft*t cuf ticf dm f?ci tcf t f t m r cf itiwi fipp %i iti r 

iii ' l ' W fli* 

• lltHI "H frtf Iwil^ I fWW, f 





niwm «ipi 
•it'«ncTO*m3r 

Mfffit rtrv Pr. t. ^f ^Tfttii 
«r?H—«Kti ffrtt»riti 
cffit oFffc M %m\, (iiif«i 's ifnrt5tif 
nttii •ftcfi 
cf^trw cffwt ¥Ciri91 

oaw citw nm j 

<1 *ffinti fft <rtfi fi «ffRr f 

ff «i c<% tfttc*n VII 

ItIWI fltfflir nPif,, 

ftntti •ctif sr^tn ft! tt i 

^ 4ifd «c^ 

ft^tari fn. It. «iil. iff «itft<i 

^l| fti^^ft Iff^ 

cwm cfcf ffitf ^fft ftifttii ffit 
Cf4l Itit Wpl fi fii fcicv I 

•IfUCf Iftftoif ftlflt CfTtfw 
citf ft<f )| fi-ifti «!ffltn« If 


Iff f« fl-lpli Iff iKif ntcfl H fti| I 
ICf> f ftl If’ftff ftf fltllfff 

f nci 1 «filt «rfi 165 ftwtftirf twin 
triftf I 

fCf tfttCfl 

«T^f ficitriHi (itfVi fwti) 
4WI Wtlftl fWfWlf <1 iift fItfl I 
fl nun fHittiii w wjif «iw 1 
ftww 111 ltd I Cfw cw fit Tl wfcw 
fCiTI ciftti 'TflW Cffl 111 ft Cltl 

wtwtfti wfi fsi ^fw cicf wttn 
iftn *rtfI ftf intwfli m ^n^iftli 
d^itfi4^i iciin fwcii >fcf 
fii*itti*(si ftw fici I tfdf iwn #w, 
inn ciitifti tfi cfti i^nn itti 
n I wiit^ «fi*w cftw w nw 
^ti f| iniTtci V twifni wfw 
intMtii fi^ tnti fw cirfi^ nit 
ft<(n fit w I 


wit* i^ftf —®Wf^rwi® wffti^ 
tft<lfpn4wHitnft^»*n!iwp|f: iftf fii f fiuw 

}7/7 nftwww m fftifw ilcf wfHf f|i ift« I 



1956 mciw ) fSiwtf8^ w 

1. c*l T[t^ fn-23 

wiifi ?1iff ni W6 

2. 0¥Hw ft»r—iitr»i¥ 

3. ^rt¥OHi i^t», '« fH*23, 

itwi ttfe, t^1-6 

4. i?fn, mtfm 4 f^ftiil—lir*?f«fi?tfl t%-23. 

itirt itwf ni ^fir¥ri1-6 


5. 




(<ft«ftii >!*ntirv) fi-23» r^m amf’P W. ^(^5-6 


ll*rfiwt%citK 

wjtnt<n« 


rn-23, «tti Sit. ^f^l-6 
fn-23, «t*1 Sit, ¥fii:-6 
fn-23, 8lt, 

fn-23, «mt itw Sit, i1in-6 
1^-23, «tWt itW fct, #fill-6 


6, 3itij 'e iS^ai—fiHf (^*14 »Wi 

trflim), fn-23. «i*i fct, ^1iifrii-6 

’ff«r»ff CJ, r^'WKjl 

'• fHT>wcw TO I 


^ 7-3^73 


w«rf—•»!» ftwPl* **tfw •tfwi 
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fHl 

cw 


W^NtimW 

Wiw 

193 

fwi wlh ifw 

WCftf wwl • WlffW wtw 

195 

ftwtw 'tWNtW 


199 

wtiwwftf wt«n^ 

cft^wftwi 

202 


ftW 

207 

ftffilW WHCf wwlf ftfiwi 

mfkm cNTi 

214 

WTtWti 


9«fwicwf Jiiftwfiiri ww-frv^ 



wwt^ij iwfi« nfi wi 


222 

fs8-w« 


231 



233 


A 






PRECIVAC * 1 ' 

Rntary H'9'' ,y 

Vnruurr. P'<nip Hf 



For hidu^, Reiaardi 
nHstiMiiin Wuiuus 
A OsvL Omtucten 

CfVA6 IW OUtCOU l Itt COHrANrl 

IPnif flMI.»lyCHA' 



PTREX TABLE BLOWN 
GLASSWARE 

^twil ftCfl-tlN wliw 

^W»I <IWtf ifWtfJW WCWtWtCil 

•winrlNi Nintfw wmtf 

^fwiwtfwi 

fin l^wtwtl ^f*WltN WWW t 


8. K. Btowu A €o. 
tI7. BovUmt St 
Usf 


GrAfli: Sodikt PlK»t: ^*9915 
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Rif 



I'Rlncf fimte R»#l 


236 

nitig-fimtw uHti 

sTwrwaw Pfft 

340 


01 

245 

IWII wFlR 

wtm 


fkbbwg sftiw ^ 

T1 

247 

ntwi^ti sfitm 

aatav « VIS is 

250 

f I’fti w •nfb 

Rttbsui mtl 

250 

nflvt) 


232 


Vtl w Cf 

254 

fiRi 


256 


Latest Calcutta University Publication 

1. B«ngla Ali^tdhan Granther Parich«y» (1743'1867) < 

amv nHsf ) (ft) (in BengaU\ by Sn Jatindfn Moban 
Bbattacharya. Royal 8 vo. pp. 335.1970. Price Rt. 12.00 

2 Brindabanec Chhay Goswami (|Vt4?ai 11 ClfVf^ ) (io Bengali)* by 

Dr. Narcshcbandra Jana. D. 16 mo. pp. 326.1970. Price Ri. 15X0 

3. Collected Poems & Early Poems & Letters, by Sri Maomoban 
Ghoae. Edited by Sm. Lotika Ghosc, Royal Svo. 38(1. 

1970. Price R|. 2SX0 

4. Early Indian Indigenous CoinSi edited by D. C ^rcai. Demy 

16 mo. pp. 1844*1 plate. 1971. ^ Price Ra. 12 jOO 

5. Fundamental of Hinduism (2nd Edittonlb by Dr. S. C. Clmtctfiee. 

Demy 16 mo. pp. 220.1970. Pnea Ra. 5.00 

6. Fortigoers of Ancient India A Lakabmi A Serisaiati io Art A 
Literature, edited by D. C. Sircar. Demy 16 iOo. pp. 2004*9 

plates. 1970. Price Rs. 12.00 

7. Govinda Vijay (cltfiV ^1) (in BengaliX editmi by 

Dr. Piiutkanti Mabapatra. D/Oemy 16 mo. pp. 564.1969. Price Ra. 25.00 
A Gopi Chandra Nataka. by Dr. Tarapadt MtAhexjee. Demy 

i6mapp.l72.1970. Price Ra. 10.00 

9. lUuaion and ica Correccioos« by Dr. Jatilcoomar MtAbmlct, 

Royals VO. pp. 334.1969. inot Ra.2lM)0 

la Mababbarat (Kavi Sanjoy) (gfWw—vfl fitfls}, hf 

Or. Munindrakumar Ghoae. Royal 8 vo. pp. lOTU 1669. Price Rs. 40.00 

’ ^ for fvrflror MmiiB, jsISast Mfsirs f 

PubiioiUon OffAttinaiit* UnivsrMty oi Cakutts 
41^ HAi^ ROAD, CALOnTA-tR. 
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SOME OF THE 
BASIC PRODUCTS 
MANUFACTURED 
BY US 


SACCHARIN 
PHENACETIN 
ETHYL OLEATE 
MENTHOL 
STEARIC ACID 
STEARATES 
OLEIC ACID 

GLYCERYL MONO-STEARATE 

ALSO OTHER PHARMACOPOEIAL. 
TECHNICAL CHEMICALS 
& LABORATORY- REAGENTS 


THE 

CALCUTTA CHEMICAL CC. LTD 

CALCUTTA 29 







ifCWIf fitl t fwt fl^tcifl «flltw^f 


HKM Wtllf (^) «Itow fflllCw 




fJTsftift’mrt^ w 
•rt»ifiFit» fftf 1 


• • 
• • 


cftw: %<»-«< t% 


<f^vn fit» 
c^, fttfi 


(?!%» 

’rt'iwrra ift»nro 

’rtJWRI >H[*W sK TO I 

ftmli WiCTWi *M. 
tl^trw I 

(!rtSR’ITO’OR wwn *rt05l Jltl I 


fn^^mtfm M^ra, frm 

t«, *W<Pltf Hft# CiTi 
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c%, C¥l^ 

tifii wcw fWnwi 

rtt « €rCT^f «rrftft 81 ijlcuf 

fnvfc^i fnim^ cicf 

W w «nr. «f WX9 <mw 
cfwi fwi »«f>i ^ 

Wtf, OfWf y if NCT 4flf 
oiftw ircf I «l 
vrvM fftfi, vn ffw^, 

^WfTf Wf%'f-*ftp1W 'ilfltl'ff Vt CfWi 
CffTTf C^ifMlf TWCTl ff fl 51"TTlfiI 
( 4ft €lft ) CWftH ^ ^ I 
fftiltfi cfx^ fNrt^hpr fputfifw 
tfCTfll <f f 4fTO w fwr ^FlW I c^ 
^ 4fii5f 4rtnt iit4i ipwiftf- 
filPi 4if^f 4lpt 


cfrff fttf w ^ fcfi cfNt« 44n 

f«* fV»rtct cft f^itw fTf I 4f 
f^cf ff«rf «ff«f4^ •ft 4f firtr cfrti 
ftff « 4tCf« *Tf»1-«tff fWf 
‘ cf fvf fffftf. frffir»«fcf ml ffffttfi 
ffiftii *rff '•ffff *fiftrft n^f ^ 
4M 4ft «tf fW rrtirtf ftfKfi 

WCf <1 fffffW %*ff fftffW C ^ ffg ff 
ftfl 4f*l ^fTTfifl*! >ft<fifn 
wi •rtwi 

^fif*tpn ffifwfvittf I* Tfinf t 
4fli im m ficn 4tffv 
f^Wrt 4ft * 4Wlf twi fWI 
4 I|9t« <f(f|l ftfTCf ftfl tlfCI 

Wlff 4lfflfff4 411 4ft mtw Cftf 







194 




tWW i|Cf cwN I ’irtaiWl ftUt 
•ri ftf¥ ^11 utirfm cww «tfti 
irwtwtfii ’PftWfti 

ff||li *icfvr fd 

nwi ^ A »fcw*f^ ^ 
■tlWl fW ffWtPH t Wf 

^fti fiTM fdrtrwi *nft?niw 
HtfW fWtfW-fwmaW 

cwt w fti>itif «<itdf 
«if ll lCTt»t41 

<nww: w I cwtn 

<*t^iktCTi *\w dcf ffdrt 
fHw unwiti w%) iwi 

^ifctwi ^ ffTW ic»W%i 

f<d «nfctCTi fWM c^ci 
Cf>l 41 Wtintl 4ff 

WV9 ntw4. «dl 04^ Rw *f<4tfnCT 
cwftf »wtm 411 41 fw 4icTPffii 
cA %wvsf 44ikt4 >rtc#4 »r^4tf'W 
^t«i A 4Wf Rf ftfjfliT 

Rwt4*^4tf »n«f flftl *44^ 44144 Iff 
44f4flt <49fi|Cf 4fiC444 4l4fl «CV 
4^4tfnWl ftin 41441 4tf1 f¥ 

4^4tf4W ftwt4f%41f C4 Jd 4141 
4lftf*ll 41, Cllfilf fdl41 4Wl ITtm 
41 'll^ Cllfin 4ttl«4sl 4^11111114 
idl^l 411 It ^ ltl4 C4t4 41 
illttlf 4141 444rC41 4fdr 4^4144111 
€114 if^l 4141! C4| I lC14tCl fjMl 
ICllll PWl^ 41 l 4 lt 4 lH l tl tfl 1 
41«^ HWl 4141 141 444ff4Wl 
t4nt% 4141 ^i4n 4141 (444 

f4l4^ 444n C11 lt4tCff Cin 14 
411 444144111 41 <411 %fl 4T1 


<41411414 IW fWt4i T4fH T44C1 l^ll 
41414^14111!^ 414 41? 

1141 41 11C4|f4t1 444tf- 
4111 14tfNl1 4"4C# nl 4fl CffW 
111 \ 11ll44t%Cl f ^lt41 * tfl l <4 44 
11C4ll4f 4fi4:4f41 44, 44414411 44l 
•rttl4lf4! 414 f% 44144 ft C4l 44l- 
C4tf4! r 11Wtf»l 1^41411 m. l4llfN 
4t4t<fr 4ir1^ 4*41# Clt4 WW 4ff 
lf4Pl 1141 1144, Id 1144111 4114 
4X1 4X4 I ltX4tl4llt 14C1 <441411 Hi 
<4X4X4 fl 41, l|f4 <144 It4f4 
Ifin 411X44 1 111411^ 4|fl4lf4tltitl 
411 <44111 iff %4f 4fiW fill. Id 
♦d 114 4t4ltl 411441 <4^; 111 Hi 
4411 Clt4 Itld A <44111 fN4 
4X4iit4 4tci, Id fl in HWlill Hi 
lt4 4t4d 7—1411 4<4, *4ld <44X1 lift, 
111 f44 ftH*» 

4^tlC4 Wtl C4X4 f4l14-4^4tf 411141 
<fii 41 n^dfidi 1411 itutwn 
4flX4414| <ftl, Itlllfl <4141 4<4lf- 
4X11 Itf <4X1 4141 Win 41411 
4ft44tCl 1X41 XUlt HW HHl 
llltd <441 4ti:P<-f(c). <44114 c 
1X41 444144111 411 4Xlifll ftp4l ^TH 
41^ 4X1 contact KKlUftlilfl Wtjfm 
Hill 41X1 441 H *4lfll* I ItW 4X4 
iff, l| 41411 411% (lit 41 <4% cm 
P-f(q) 4C1 %k4, 1^ 414 {14114 

4 4C«1 fl4141l quality llK 4H 41 
4141 4H41 IKKI f% ^41^4^ 41 
dllft lll 1411(1 4 fi lf 4 X 41 
iuHNiiir 

Ilf H' 



- IRfW 

faR# >• wK* 


<«« 

•fflitl <ltf (WWX i Ikvn ^ 

(W >lWt C^l W 'f f* 

5000 fttrt ^tcwr ^Vf'i' 

fiw ft^cii ftf 01--W 

*ni w 01, #t<wi 

5000 »fWf fW ftl 1 ««f%twcn 
TO t^f^n wwcm TO I 
f1#i| (Dynamtc ctrbon) sftW •iflftni 
TO ^ ^ifTO TO^I f^fwr flntwi^ 
TO I to: >T<ttTO 

TO fw 1WI VII fn 
TO5 itfCft ftvianR TOi^l ^ff- 
TOl TO TOcvt C^^--C*!«f3w «K<tT 
TO, cniTO w TOffffIf cfVII 

CTO TO I twv VH CTO VtOI C^, 
«rffv vt^TO TOPff TO 

(TO l^iXTO TOii vTO—vrff TO 

iTtTO-TOti^ (Fossil futi) vl 
TOtw «m sil sflTOvrvt^^t *1# <t 
TOtv TOti TO TO c»ifr«fTO «TOi 
vw, vftw hv 

TOfW TOiv wf<hr mmt^w TOfV 
fii <TO TO« fiTO fwt 
TOW^ vn «rn TO cvcfl i 
TO? <TO fv TO %|, fiW,TO V TOfl 
WH, V «TO HiCTiWI TO TO? 

TOWV VCT ItVI 4TOfTO Cl, 

Cl RV TO TOTf, TOTOI 
vTOl^TO HI IT^TO fniVCTOFTO'll 


11 HI TOtmt Cl H TOii 
VtitCH (Woody skeittoft) ^1^ TOl 

troi VI V TO TO,Vtltl TO 
sf^iti TOv nrci icil TOitti 
TOtn iTOfiv itv iTOi TO TO 

Cl TOl flTO i TOftv If, 
H irri cicf itvtTO^ TOfitllTOi 
HfTOtVltH «|fTO 111 «l «flTO 
TO TO w cftcitfroi TOfcir TOWf 
vrti itl-TOittf V itcMf UTOfTO 

fjvtf •«.vi veil fifiwlil iltv 
fvfTO-n^ TOtWHVtTOl fttlTO 
cicv I Ififiv fkfvttH vvt ifTOlkv 
fitviwi Itit CHtWl iwi— 

6CO, +6H,0 
( Vt#lTO-TOlf ) ( TO) 

+660,000 Vftiff-sC,H1,+60, 

( TOHfl») fJVtf 

vtti TOi fifinti iffrtirl TO 

fill. VH vf?v Vt^ltlCfllfJI 

n^TOf icv ifcvi fvi ifiHi TOn* 
wfiVi niK TOil TO fiTOi TOi vti 
wfin vrt-HWttv V TO vtf vn 
TOff vi fill TOtfi ^ Tom 
fift cto?TO TOUfiv fit TO vf 

TO TO'-CTOpitV* ^JW+crojTOr 

(CVTOtlTO fTO di nil) 
HflTO M ft TOi ivni TO 

• TOf ftw, ftirifiTO TOtfi^^ 
fftfiffli, mxtrtft 3i TOll t 



tiw't 126*14. 


ntci fV ftntfPrv ciftii **ftft»i 

n4m* m ««f| ^CTftMi fn ftfi 
c*Tflj»itwn »iwif ftifl 

(C,H,»Of)n (II-«H m 1^ffl«. 
>fw ftwtn in ntw)} 

»T#f»tw a« c<fi«ri cf^ c«rci— 
C-44*4%. H-6-2%, 0-e4% 

() i «4|wn?r fiwjl%n ^ci 

C~6(W5%, H-6%, 0-30-33% 

tW TO •iftWfW 

Wtlcltw^ 't ^t*l¥tf ntci » 

urtl iTOftw (Mo4i6ed 

ctUttbit) f5f»tJWi C*f^»ltCi|f (Ligno 
cellMloMVwr IITO C-50%, H-6%, 
0-43% ( ) I vtci* TOI 

Cfcmll4't Cffir4 (RfSia) «flCf f 

*flrf^ Witwi c4rf 4»it ^ti 
c>i^wtw, f»nrj:irt c>!TOtw, 

c*fnp>itw, <• cifiR 

^ct 4tii ^wTOm 

wHm (wm « ^tf 

n I c^ 4ifinti ftn «4l 

fi. «i TOi—<rTO fti mw 

«rf 4n»n 

« nTOCT f«f*l HI 

itHcH w CTO TOTOi\f nrH nf*H 

TOtf HI TOW ttfi TOrwftHi 

TO fIflW! TO TO4 TO-TOtll H TO 

infl HWI ffl TOHWt ^ 

Hi TOfH f%i ftm iim TOW 

^twtlp TOl TOff^H 4[11 til fiw TOH 
TOH HHTO TOW Oliwt ftwtro 
^ m n TOlt TOl TO Ivit TOT 
TO TO—4tf TO Htl 

TOTO*I TOW Htw Wl till 


wl W, fifroi TO*N TOIHW H CTfTO 
Htro fTO «ttCf Hftw TOtTO 
nfK ( Aeidk mttecrj fi^ TO fww 
frotWH TO I HW hI TOWr* TOt< #IH 
HCW >T^Wrf TO toPIh flTO TODI I 
•it TOtff «ffH iltCHA dTOi (Mackcoxic 
Taylor) TO V«tW fill TO** 

TO *1111— 

(H) ftip toWto TO4I m*rt» 

4tti nU (ftiH! Wrof# 

>f-^TO itfl fW TO W ) j 

( n) >»4to itro TOtt 
<|HfW TOW-tirTOW (FeroMiitttioil) 
itll fk|fiRt*f HW1 <fii * hI CTO Htlll 
ilHtWt TOtHa TO Htli HttTOtlH 
WtnTO TO I HITO Htl'HltlCHf ^ 
TO TOW TO HtAl «Wi iHlI 
iWt TO Httfhr ?tlN ^TTftciT. fi dron 
TO Wtf l*lffTOCH TOf» TOlltWJ 
TOs hI TOwf irtfwi f**Hi HTOfiV fkRw 
WWl Hlitl TO I ww, 

^*1 TO ¥i «nWH« Hitfl t*rflf*CH, 
fitfwt*! «!*» ff wfiilHtf TOFCTO 
TOCW 4fHU^ I 

cliCH hI tltrotw «i| fTTOI HIT 

CTO *rtw cf. Himi Ht TO H fimi 
«TO Itfl TO I ffl fiTO (Fiaeiitt) H 
TOi (Scbtad«r)-TO TOcItowTOI CTO 
THI im»t«| TO 4tWH C*ITO“ TOitl 
itn TOW TO • TO 

nTtP#l Hi TO HTO ftWlH 

(Homk) TOrtC< Tow TOt TOU 
i*lw ^ TO4f%» TO TOCii 

TOTO hH to* I WHi TOCTO TOHfItf 
TOtV TO* WW TOW TOWf WhI 4WW 





arwnfl «nntcii 

fiHfjUlcIf «tvil trtihr fw 

fflftiiw « ^oW»rtl> ’*itwi 

cw nRtit ^rt?f ^fli 

niiwtfm w «. »wt« w •rrK 
c*!!pitw «•« ftnjRf c^fwlntw «iti» 
ftfWim (Bwgius) C^i^iltWW ww t«f' 
f^Kkttm 340* c^. t4i¥tf « 140 ftv«^ 
5tcn <flt iftK ¥wsr, wti 
cfts» cft4 ftfn ¥1^ >iw I 

ftc»n imtiPt¥ ftam wnm 

crtV9 nt'tH ^ C’^. ¥1^1 H%ww\ iw 
84%, fttCft?W4=-5%. ii|fiiw»-U56l 
CJTH (Gfopp) ow^ cttCf (Bode) 4flff 
rtcfl fnt<4 

cf, st*f « '•tm c*i<iwf«f f^tl 
fintf (Dull coal) nftfi fii uti 
fipTj^W fl ’fWtl (Bright 

coal)! fM (Bari) ai| W nwtitv 
{fMJfasi, cn«*f«rtif) Mwf ^nfifwtw 
300*400* <«l. 

cf» fiw,f44 

4nwi ^ nlw^w 411 

iTifM, 'itii *rll¥ti f*rf^ 

fWI am '• f*WA4 C4Cf Cl 

iim 5^11 iti, «twi icu iKfT cfiti I 
^Iw cftttit ci«i: 


CT«g«tW 1 wi fiw.fw 1 w 


ciBki f^tff Bi|w 

»* 15% 

0-5% 

l^ftfN fin 

• »% 

«% 

ftfcm ffciff 

'3*e% 

<15% 


«ci aikl Cl, Cl ltd c<wp itw 

^ 1 % iUmi in». m cm mmUi 


nn im Cl ltd fM^Bw lift! 

ittft, m cw wn itnl iti i 

ifci ffti wi Hf iitffiPf 

fa|^ Wti H If 1 'HU Hf n 
<in itii nitf 11 iitu ifB^ it«w 
itfi Id il Bum WVi 

fni iti Cl* ciifitw 1 fuj^ flit 
^ifti iitif I 

if iti f m ficiiwtii iw fill fcfBii 
irtifif idt mr il ci. <^ftt WNli 
mi^rii lift BBntH mn fii< 
im* cii iifiili 1^1 i''*(fffw tfcf 
fill 111 myi Ilf If ten fl fwi 
wtf it^ f^1 ft 11 111 J) fttil cm 
iti i il Ififiii (Vtgftabla atudgi) 
Hci 1^ ^ll Iflltlf 111 l| WlfH 
ft«f f ftcif Ifftl Itllf^ 111 fiy<- 
imi ffifftlcf ifti fin liwi 
fit irtlfs ftHtfl 200* Cl.*ft fll 
*H ’fBlDi Ifit flf ffIf Ifiifl^l i 
fif ffi ffid iftifti flf itcfi 
iffiti fti 1200 nttfb fBt if 
f ff 1000 fl iflfltl I ffltf IH f 
Item ftfftil fiitif fftif 1111 f 
'll ftf ffdl 'fill Itll (Fictw) 
ifiti* f 1 lift flf i?H mi I 

%ll ff (Hilt'f Law) flitD If^* 
If fflf fliti f 11 cilf fftl I ftil 
fflll fllffim fWI iflf ffWtlff 
111 (Vertical) iDim i^i ^ mw, 
itlcm wif iti ff ffl ntd fn 
Iftl) mfini flliH fill I 111 fi 

ftBrnif cuftf cfwtf cm cm mu i 
ficfi fdii •f(l4f)i ffffIf cfti cffi 
im fif mUf-imi (Latanf fttcat) 
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ni IW ^ftct; fWttW fItlCit I Wfi nftPtl # t*l1ft^ 

CWtl ▼Hw ^ ^ (flf *w W WH-Htllfiww « 

•Item ftcf |fi *1111 ftloFtwr* • ^wcm w» 

ffrtt^. wnl «pW» nfwfVi Wf I ^tw fwH «rWl» t«iti 

v« Mtc¥. f rtpw "iffiti ifk nti (CoUficiekMi) ft«rtf*i ci^tw 

« *itf mrft^fi ntliw 

fi«iti *ifWpif (C-lOO) 


tiltftmf 


«t«fT fttCfftWf 




-( 

flTOc»rn!JTO 

13*9 

1U*0 

0*0 

fti ( ff ftfi) 

12*0 

88*0 

10 


100 

570 

30 

fi|f( fttfll) 

7*8 

54*0 

1*1 

tM fill (^Icitn) 

60 

30*0 

35 

mifl 

6*0 

21*0 

3*4 

fTOUWIf 

4*75 

5-2 

41 

€rwll 

00 

0*0 

00 


4nti f«i wirw fimi ^ ^ 

0Wf »11 Wtf I— •fftltM caftiM, cifiR. ff^ « (fl 

iw) ^in^ nfK '• tiwint^tewr <rtfi ) ^tlN cfwl 
f« let! ji fw» fw; ?« 

(ftit <w«tfiw ^^tff 

•fKtfjifWi ^ tt» «trrci TO (♦! f%i 

in) mntin •nrlpfii '•t*t n su*rt nft<n'tcw»i(GelHi wnfK 

•TitCT lltltflCTl nt^ftw ¥W Wt« *ltTO I 
WwwiTOi itm 

Wl <81 TOltft |#«tw V "iff* ( n ) i<fflN» fl 

wtw-ff *wi TOTOfif 

wtfwtii in) nv^ ^ i^tni to m 

nuvt c^n cf^ •fiK i\ci ^ *|f^ nfiw to «•- 

TOtn If—oi rni4 ^fn ^f■(Umill•t•(l) 1 |itfl^flTO•vR 

TOtffitcti n^nmn nrtfmmnnm ^ 

iticff i«rf Mi^i tmi mt toi Ch) froncf m « ^ fin 
frtntim TO fotdii TO ^iTOftci vtTOin ^ TOn to« mi 
fTOfNTOll«fTOTOt— mi ^ % Hwf 



«ff« oftww id I dicminl>wf«1 (MfMorpMc) 

iTfIfl •lIlKf 'f ’Wlh Ww "IfWl nil 

id 1 wti H (i > iM # 1 ^ ItW VI 

£it¥ ¥Wff tltflm ^ fw iti^i «ttif tjifci citi 

«d ^UrtH (Oytiamo- Ulti ft I 


fti* 


fW w ft ff«ttn fi* 
itfi irrMt «itw ftftW^wf 
ICiCl 111—ftctti ft, imiT. 
tfl, Cttl-«flCTtf 1 fftttltt 1^11— 
Iff! 11 fi I im cw nr, cifft 
Ilf ct. iftci fwtfwi tlfl* lift itii 
ft ft I ijfeit Wii ^ mtttiil fwiti 
ltd fif ifpwi in cfcit iifn 
wnni il fnd n j itii mi 
«ri ffittm it» w. itf^w m n 

•fft* •it f 5 i#t lit I cittn 11 im 

1 ^ int mi m«lcm ftitictt 
Id ^tm •!! f^t m finmn adm 
citi ltd I m It itw ititifi cfcif 
ftiiftn im nil ifiitw flit I 
i^mi citi fdn, if^im €hi 
(i^Mrti •n# mrti cd I m nm 
cufm n ltd, citm fitf miiticii 
*•« cwti iMir cdi n if? 
iticit, iffti ’•fcti tin ••ntftn 
mw m fNti f 0 i fm toi iftifw 
mrifncm 

mri i«ii im nn ncit 
m c% m ftm ^ iWm i if 


fitii ititttmt ml tifi cil, ltd 
ittifn fi| iv Rficit mri—m 
fi. ^ni f^ifi-mi. #1 cf• mri i nt 
ftiti-mi tilt mtmtct itcn. 
nn tni fRutV, ti ffim it n 
•fti tfiti ti ti mn nil m fkm 
mtmtcti ttitt #111 nil nt m 
ftirin I mm i i tit m 
itfi tfl %if 11950 ltd FufI EUtmrdi 

in«itute-it tcini uNw lltl Id* 

flKn ^'''AU countriti, I Mid, Mt 
ootmailt coattfTitive. But liintfiiM 
our country it more tbtn normtUy 
oontcrvettie....! 6nd eutlout btetm 
in people’i cbinkin|. 1 find it citn 
in the rhinking of fcieociiti who 
OmIm science, end pcacclce it in die 
labotaeory but discerd the wiyi of 
science, its OMtbod of afprotch and 
dw spirit df tciem in emyddof 
else tkey do in UCe. Tbey beetmt 
conplctelr mseieollfic. 

it^ n t w Htt idi sti 9 (%i nm 
^ iTfff It. n. n twt, ciwiflf 



m 

cm WTCfi vtn 

ftft I CJIl iffSTl CfI 

frtm cfcf w tmi ff^rtw wtii 
^ fwti 
wi 'iwttf ftvf I 
<MFfw ftrn iftcfi 

fii «ti*ii cti? A ftwi liE^r 

Ctl^ 01^1 ^W9^ 

fCl ««TO—i^iti t’Tt m n I 

Nf, ’^▼•1 ftwcfi 

^ IJUtl ¥C1 Clfllf C51*l IFtCf« dticii 
ftitl Cl »rtftfirf ^iw ftfciniwti- 
^liirtl¥ciiw, c*r ¥«ti itficf ijm cfi 
citfiii i^Wi mcwt 

npn^ mn €tffi¥ 

Wwif^ c#ti fr|i itint itfcn 11 
cm If I'll ^ftwtcil «cimii ^1 
•1 ntci fWi «fiwN^ i fiwf^tcf 1 

i t i tcw i oiflt fit-rt ntc^—wi 

m itficf ^iwtfii' ^ciw 

<rei <«t«ii I «tcfi cmrtcit ii ci, itii 
iftlCl #11 Cftll i^n Cll. It ^ti 
ntut ¥1C« "Wl I utii^ citif itn- 
mff n utm 

criii m I w m #f <1, tin 
^ iln ntcit fiwfi iti utm irtw« 
fw *ftni fi I ff 1 ^tcici' "ittin wi'il 
<•1 flltCl ICH Itfl It Cl, 

fatten w m iitut ¥11 TO 11 n 
fHni «i ciTO (Mt utm ¥iri itici 
111 vfnt 11 im TOti wm 
Prmm mm m i^itci iwl 
#R ¥l%¥ ¥ Wivn ¥f¥tl^ 

«i TOT Vtit t f«« TO ¥¥ tfl 

TOll» d (N *fl llltl %¥!5P 


HW •tt«l! ltd I 

¥111 ItlWF HiTO ¥1111 TOW CfCTU, 
C¥tl ¥¥ IClf ^ dl l P l lC¥H Cl ¥1 Wltll 

iftm ¥11 fm ntcii % tnwi ¥¥ 

¥ ¥fffilt ¥ti fiei iwi 

imrficiit ¥1 fic¥ dcicm ftwtcii 
tf^l ¥1 ¥C1¥ liftl ItH! Well 

lUm ¥| ¥11 ClfltClt flftl Cl. ¥C»Sf¥¥ 
C¥tl¥ 1% ¥tWf it ¥C1 fl, ¥tWl it 
ICICI ¥tl Itltlf^ f»l|-¥tWtl 
ItWCllt I ¥|¥1J ¥m ¥lttl« I ItfCll 
111 llH C1C¥ fl%l fn H I ItfCll 
11 TOTlCllt ¥f¥¥ll I l¥TOt WtCll 
11C¥ TOf^ ¥C1 llltl¥M ¥¥ Cll— 
llfClf fill til 111 til fNl TOtl 
1¥¥1<C¥ flirfll ¥C1 I ¥WC1 H 1 
HK ¥C¥ ¥1CH lfltl¥ I 

citii fVfl ill 11 —abtolutitm-¥i 
Will ¥t¥ ¥511 l^ltCl fl«t5fttl ICH 
tfffw 11 fill ¥tClti¥l ¥ft tUl 
511—11 ff|, 'iflTO ¥ ITOCII 
IC'fl ¥l 11 ¥f¥ ¥t¥ ¥t« ilCl 
ItCl 111 ¥t W flltl ICl ^ Clt. 
II ¥tci ¥i nm I 

^l»ttl¥lfl ttClf ltltf¥¥ Itllf ItH 
¥11 ¥¥ll| WCltWl I ¥| 11 fCl IWCWI 
tifi m ltd 11—ficii ¥d ¥ric¥i 
11 ¥!■¥ CIWI ¥tt nm ifl tw 
11 d, ¥C1 f^tcitt tlf¥ fC¥ ltd 
W, ltd IfltTll ¥l¥dl WTO nwiWClf 
tn# lfC¥ Itw I ^TOtfWlil tttfl 
ltllft¥ Wftf IWCI ¥|¥li Id Clin 
Id^lfid ¥1111 nCl tlf^ ¥l¥C¥ 
Well wi ¥1*1 ¥twdf cidi i4wi 
¥¥wt mwi f^wdftfti wiwiii tif 





4Wt, 1973 3 jsttt 

'•Jfti w HCTV I €r?^ ^ cf xf9 •rfftt «w 

vrirvi «fff%cv f%fi cfftt \ witf 

nt ^tif« cm wv ctf^n *r^fV fi 3 ^irtcn wrrl *f^f 9 w, «rt Rf% 


irtwtfwi • ffm «r®ti 
fn fpwti fiiirw*j|fcv *!tftfi 

wc^ m WMK »fi wet I 

^tirw «iff 4 ¥l iitir^f 

cf^ri «i fw «iTfrtiift? 

W mt itfffl 4EfCshi «t| 

^zwen 5fntr«r¥ ftfii nrtw mnnt 
Hw m >r*» nm ^»tn 

ftfC» fCfl ^fl tfH 

Rff <ftfCl *»tCW 5fl I ftw 

^1 «, *f*i >T#w cif? 

frti nfw itw43ric» csfcf ^rfcw i #ffi 
*ffifirf ^{« c'j>^i-ififi 
Utlfftf ftfll nt*!^ ^tf » 

l^ft>! •TtfWifm ^IW Cf^l ffl ct, 
fwrc’ii fhicf# *!c? *jtw >ifrc<if 

»tifpifi« nfifcmn I 

wrt cft^i 
w w cfc*ti 

%t I •tfw ^cf 

wiicw llcitenf > >rfc« 

fhi«»ll WWi f!|if«C^f »w 

j^wtrfu cici ncf '•d 
<fiRt^ >iftfmtJ I wffti 

Orf^CT Cft <filftCf» ^ffw« 
^ «tl CCCW <f tfWf 
tfictf I tiTif nm m 

<fiwttff fffW Wit <«n «ff ^ srttiv 
^4lW 2wi '•cii 

wm ^w w^ww fi» 


•PTfeWf ( 

«r*fcir *i« c-fw wfi R«w 
•ett I cfrt 

Twri ^<1 tew^ tent itiwt mcMtmwm 
Vffint, *tWff, Ifftftltl J'ifl Wf!; 
tficff fmf^ircf m »tf cifm wi, itcft 
tflFft^ tt »rcf cit^i sw, fii 

ffcn fjttji- 

•ff^ti •fcif c>T ![%trjr fcf «fi 
fffi nil vwii. w «rff^ cftwf 
^wmtTtw irrii ^Mffi wet* Uti ti fJrci 
cwllf I Cfl I wt wn\ INI ffirti 
cf. wr frcufi ¥ci 

ici m niiw itf« fwm «i w\ i 
lltl fT«C«ri N»N*f5riU «*IWN !•« 
•fsf.ittf 9111 wcf ficmi fMf*rifi 
f icf c-rci I ^fitcf# im firicf 

ifN ft cffti I ftitfi «frrf 

f4t#cn fmfkw w >n» f^ct 

fftt ♦iftf, fictcfi ntifNiN Jif^ «i 
w«tf cf«j iff*, ^fi*i Nwfjr- 
jn»«fa fill fii IW1 fi iNpjf 
•NJft'T ffif* ft. WWWW ffUlJf-pNH 
i« ^111 finN-fawiNi wt fkew 

cf nt fl«ff3 wwf flwRi fN, 
irtfi trtflf ttcww ci^i flvtcii^wf 
Htfifltl CW #fNi ^flWN WWC9 
fw, «Ntwf ^«irNf flwN m 

nf^rTf c>fl Cfwi fiwf^tcfi 

f«N-irtwN m w wpt 
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fHl ¥11 It—Cf Wi fl«m CWC*ri ¥lt¥lfl¥tl itfifl ¥f«€a| w n I 

¥Cf¥Wtf ItWl %*fi ¥W I ¥f¥rf! Ifft• ¥fil^ ttft fNltC¥l 

CfWl ¥l¥tltl1t¥ ¥¥ ¥<¥tcil ft¥ €¥C¥ ffl nffl fC¥ ¥ftR« 

iw ¥C1 ¥tcf I ¥11 It ntiW ^1 i ¥C¥ fCl IBf I 


*rnRt«tf 5 (v 

CfWSjftWf %¥l 

tl{¥ ¥t¥ (Nuclear fission) fftl I iUx 

^ItCfl Cft5 IfllW ?(¥ fcitl I ¥tll- ft* *Ut ) I 

tci J>1 ¥1 I «H1 ¥tl C1C¥ ¥t*f ¥t ¥« fl f 

¥¥«f¥ni ltl¥'¥f¥¥t¥ ¥*!flffl 111 fl WHl Cflfll ItlU 

W¥-f5nt«. >ril WWlllVt* Cf^W fftftl Itll ¥m¥ ¥1W 

Wtll Cltn I ¥t*(-fllirw C¥C¥ in*ni C¥^ fl¥¥» n «S¥ •!!«« 



Ill ftl 

¥%i mill 1 1 f 


nf^ I nt¥ft 111 11 ftkt I film ¥11 Iff f ¥l 11 ¥fi¥ti iflPiftp 

11 (¥lltin Itt mill ¥111 It em imfw ¥ 1 \ ICl ¥1 ftfu-lftn 

wimf^ cit¥ ^ntnit ¥ti intifti ¥11 n lit n* «f*i cirfii 

lit iwi i iil^ 11 Cl, iH ftl¥lCH ¥tl llfft 2/31 ^Cll It 

lilt 11 cm ITlltl II IW ¥CT¥ IfCIl ¥11 Clift H Cllftl ft^l< ¥£• 
Cf^l (Btment) C¥#l ftHlW ^ ftltwt ltff% fttll it ¥[»f ll* 










W <ltwi ^1 

cfih fWK m c^^ «t«r ft^ I 

*!% C^l *fMltl Cf^«c>» 

<rmti wm Cl «ji^. »tcf 

ntfil firtiilf m 

•itff I •If «*l |#t ntiw gi^ 
I 41 HHtltWI 11 Piw >i« w*i 
^4tfan fit! twi 4| Ifiw tlfCf I 


«in viw cn; (1) ctiflpni 
mm (2itfiij|iT)i 

WlWf 

•»nmfif tw 

m tisfti Pitii fftffi ifii 
111 tl\wi (1 *11 >ll^ftf (Iiotopf) 
f*>!ici mf« M. c^«i*i iwt 



2i« til 

•lUiriif flf^t 4*1 I 


4 r*»gl^i fifiif 1 C 41 i (♦) 

H fi^mi ’IH t^*!l f w 

(1) fiiJi 4fi»ti »imfti 

•Cl gl^l Iff ft; (1!) flfW 

*9-11 lf% ecit411» 

fllfil ICf ; (1) 11 Itw nfl' 

nffi Id titci' Itiififiv 111 
OT cif 111 ^ ifiilftii 

fc^ im fi I (•) It fitti 

linvi 4Ci 4^11^ 

CfW frfici 4ni 4« 4f Cfrf^Cl 4tlt» 


I^Cirnll-235, ^lciflitl-233, ^{frt^itl 
23)1 9titfi Cl 11 <i\ii:f iirif 
4t»lti^ (Fertile) ficiCi 111 t*1 ltf~ 
441 ^ Cl 9 f*! 4 rfft 4 4111^1 11 fC*l 4 

fltll 4 C«I citftfi lUcf 

41 * 111 ^^* (Fisfiie tniteriaU iffli Mi 
41 lt 41 t^tt| 3 lfri -233 (11 *rci tfftl 
^tlffMtl“ 23 )* 4 ) 411 cltfifll -232 (Id 

H»dft«l* 233 ) I 

4 f 4 t 4 )f Idf 44 lt* lfldftltl -235 
4 llfr(lf 4 Mtl ItMl Itll 4 t 4 tfl 4 






204 


Ilnf4fii>235«tf nftirt wm 07%i 
ltwfM^-235-ttl fl 

^tpn wfi. nt^ mil c>ili 

mtlfi m<isi mw «itw i 

f# f<p mtfm *•! 
mil fif, mi 9C1 mimti l*f« 1 
fitcml md»r mw4^wfHmii 
fi—Ili«f»it»i mwtim it 
IlcifSlitf mitrl5s fintti *ftm^ m wcm 
mwi mm, itmt*r m itmtif*im 
cnm mmtjJIcm imi mtiti met 
itmi mW5*ri miimi mti« t cm?i*[3r 
ftmtmMi ¥w cf mi mtlm mitc^fimH 
ft, cmmfmm iilci ffftm tret ii ml 
mtficii mil I 

(mil cmti m«m 

iTifi mtn—mw arilf 1 lltifiiti mu, 
mm mien mem mim mifti IlciPuti 

mil 11 mm Cll:^ mim mmi (Liquid alloy) 

ffmni« 

cilli cifli mtmti^ wtmi mfiii^ mm 
mm f« II rntm, iiifti miem mtm mm 
mtmii fti—mim llciriiti'235-mi mfnii 
im ci% nil 111 mml mtmi mm fcm 
(mill mfmf^i mem mfimt ci^ mtmii 
It! I ff« ei% mm tern mtiti mmfmi 
itmi mtncii mem ntm item i fillim 
cim fmi ml m mtti mirnlitil fif 
f#l filli cmtii met i 

mtml^tf mtmtfm n mfm fimfei 
miftf mwtf mtem cwirm fti imH mi- 
IMftim m tmmti mfimi 1% n i mtnrni 
fHli im mm {mm mti, mm| mrmi 
cml mem mtcm rntfim fmn mmi frtm 


mi ciei emmi miK mtm imHimte# 
mtw, mi fimi mrt^fmitm, mrtcfRitm, 
mtitmtftilm (m mti mmi) mm l^fti 
l-ntm I mtiemPWcmi mfi iitwioy 
mtmtim fimtci %il ^memt%—mti w 
Ifm I rnirnimmi mi nmm mu ftllm ^ 
cmtn iicmm miemm fliw Imtem itf 
«remm mi i memm pftem mtijim (Mtgnox) 
miei mrtif Piiti mrni unti m »i ft i 

mtmff ffmf« mmtm 
mill mtiei mrmtm^i mfiiti mtim mfem 
fell mtm ftitmmilli nttimf* ci% 
mftitei fitli cmiii mci mtmmmtmt^im 
fmtvi Kcim mPicf cfi i *imi ciem 
miitifi c*iei fern i^i mtmti^i ctet 
mim mrmtm^ mfmi itm <ffm 

If mi met mimtm*li ftfli m^m mfimm 
mei cmli mtm smtem «cim f fitf it#^ 
mimltm cmtii mil m i mtftfi ••cm m 
11 mttmi ffcitmm cml, ci| ifmi mtiienm ♦ 

mmi^ m 

••fli mlitim ifi nfimci mrmmmfm 
eftmm cici mflicm ftmi cf«ii fcmii 
cmli mm cftmem mtmem flmcif fmflt 
mem. nmm mif%ifii wmtemmtemi 
mm emtmemi mem itmi mti mmtimi 
Item I cmtmilkm ifi ti cmtei itv cmmit 
ft, mei ft emli mmim emtmi cifm 
itci»miemi mm-mtiti cffmim iw item i 
•twill cmrftm firntmcmi cmemm mtit 
•ifm ei littm cmifUm mtffm mu fimtmm 
itti, mti mem 2 cfim 31 ^m|i mt 
fii rntm mwf <Ma»s) i«i 

cmitflw mntm mm mMf m 





tf I «% w ft, 

«« C^ «» twtti 

»t*l|«^c« (Mode¬ 
rator) « <lfwcftl (Reflector) ¥tw 
Y^—f«ll Ytll ^tl fHtCYi 
Yififtf I fffi cYCf fk^^fn 

CYwn fnY <YfrY, w cf if^CY 

ftwt Ytftf YflYtY Ittf I 

ftYtn wfti Y«Y nn CH frt 
Yt¥! Wtl—Y1 fCYt YY ntlYtYf^^ YBW 
•! WftYTl (Maw no.) <«Yt OY ftltf 
C^W-^W I •«, <i»l (Heavy water), 

c^tt^tY (Beryllium) Y1 Yti 

wn Y| «7t¥lO--«Y«f«tY Yt«tl«r»S 

ff’•rYfti Y11 »ff <c»i YtfT 

yiyI YYtYtf %niYt% V 'ii Yi* ca*l \ 

^WfYYtt frstci CY% ’Y^ CY^*? I 

CadfilftY O Ytl YtY fYHf ; 

•aCWl YfY YY YlYtf »YH CY*(I I ffl 
<•11 «ft YYftYl. Yflf ffYfC^Y ( 
Yti ffti ffw nlY^Yi nYYfii’yoit# 
Wttf^lYT I Ifftf 1 i'Y ^fYtl YY • 
YfYtTYY YCf «fVf»11 YCfe I 

CY^fYltCYi fYYtl YW ff| 

YY fW« •ItYY 4irtVtH YlYftf 

YU mi Yl Ylf YY, tltCYl Y:y fttf y 
Y tlf I CY YY fi)l YfYYtll V ^^tlY 
YntYtll tY YtYfl I 

ffYIY-Ylf%fimi YYYtt f» fCY CYtl 
twr 1%I YfW YttY i Y% mn Vt5Y 
CY^ ▼£! YtW Yfl I YtYtY ft YYY 
iftYlffY Y1 YICY YIYW Y^fRYfl 
HttYl wm YYffY YtY YFY CY?YF 


YtClf CYtY YtiW Yfr *rt^ YtftY ft, 
YtY ftWY (C^oolant) ftYYW Yftll^ 
Y1 YYltf YTY YltY YfiYtffY YCY Ytti 

Y1I CY n^%n fi^cY Pmw ifYi yiy 
YYWtf Yf YtY I 

YtWYY «YtYYS fi fYfYtYt 
ftni fYilftY—fY^ICYt (t|f» Y YfYt«?N 
CYlJtY ITYTII «ffY>t:Y YlYtltW 
Yll Ytll Y*YtY> CYW Yfir YYY CYtY 
n»r< YrCYY Ylttai Ytl. Yt CYft YtYlf 

fYltY c»\mn yy»y, ycy fY^iYtWYiHYi 

CYCfl YCY Yt YY f(l YtlYt YtfY 

CYtY l!5' CYnri fttl CYYY Y1 CYtYY 
YU Yl, CY^I fa^llY f#11 YY ftY'Y ftm 
r« (Control roJ) fYti cYYfti fatllY 
CYtYCYY YJYY1 Yll 11 I tYll», YltY^YltY, 
YtYfYltY «ff% PiliY Yl«l YtYtti YlYtll 
CYC» «CYY YltCYt 11 flCltYY dtCY I 

^IyYCYI (Coolant) Yff ItYI {ill 
YtYCY ’iflYlfaY fCl Ytl YtYl YYtY 
Ytl'Y YflYY Yll I yI Ytfni YfYCYl >t^|Y 
CYtti I 

YtY'f %f»!tY« YfY Ytl YIY Yll 
YflftfY Y Ytffl fttHYl Ytl YY «YY 
YllYl ^DlYCYf YY YY YlCif •ftYtftYl I 
^lYY Itl YIWI : (Y) YtYtlY Y! 
«tl^ YY ; (Y) Y Yft , (Y) ^Y 
W1 n*t< ( IfltftYWY ) YYt (Y) Yllltl 
YfK* 

YtY^JYH « YfWI lUf fYftWY^ 
Yim Y^ %YYYI Ytltfl Ytll 
Y«^Y (Moderator) flYtCYY YlYltfl Ylf 
Ytl I YtY YfYYtYl CY% ICY Clft YftYlY 
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ir»l t9 ¥iCf I 

«rtfti «u*if mw stn fc*« 
arf«i»*ii ’iti i ^c=f» ff|l w 
;n%il 'ift fi« ntfii w 

^fs 8 c<l, > 'it«ltci« WC*I «1 ’iff^f 1 

iffi 4^ wT^fti fit »"ir» ntci f 
ci »ii giftc’i *frifh ci%. c^t^rci 

cntffitf (*rr«ti ^w) i 

<tCWl9 Ci*!l l5Wf c^H 5tc*ri «Clfiff 
u fi: itn nfiiiff 41 icii I 

^ 4^ Cl, it iT^lcii ici 4i 
4f^fipii ic^ ffti 4| if'jcf ir*tf'fiiti 
itHf fCl Hint ci*6 ^tCli I 

'•tttft ffI f¥i fi»|i cntii fci c^tifsft 

littfll C«|tf«ltl-24 »ft 111 

411 4f llCll ^ilCfl l^tl Itflt 
cm itf ni citffiti 4 4 C 11 itititfi I 
•ill 4f llCli ^41 Cltfni (Organic 
compound), itl •tfifvitll I 4C« 4i 
itl-lflm 411t Cltflutcn CKl fl » 

Cl 11 iti4>i niK %w fiitci 
iii4» 11. '•ten icir fill ftl'Hirl# 

IcilCltlri »tf! 4 iclcif 4£lf 1? 
14 4tnDri 41 iinti 11» 

4'iwfwvfrciti4 imt 
itiiHflf itui?) citf itit lien 
fiflii 44 n» iTlicicfi m 
4f«4« I 4| cifftOTt itc4 itici iffei 
•ife4 It •ttw. 4tf fiet •citf’ftiw 
fitfi nut ntCfl 4| fldtlV Ifll! 
4-ifcifi 44tt tent m4ti^ 4ffi 
^ti few If4 V entfi 11 I•nle4i tliwi 
fttlWr fl^lt IWI 4Ti1 i^ll fill 


ificw fti*rfw ttif 4 I 
mm 411 fftinli miPi citw 
fcii ^4 fiitiitf m fi^ti fitim 
4I1 itn ift 111 citii fei t 

ntiitifif -tfv Ivitieii ntnm 
fell 4riii^ 41^ 411 luifti I Hcifnti* 

233 m 11 nen nrntif^f nwtil 

l^ntwcii 4W itfif til I 4f& Jif 
•trill iti I it^tfif llcifiifeii 
141 4 tcni itif 4 titi> (llcifliti' 
235) Itl 1 «ri I 4f4fi nw 
140 m ; 4 4f iritnf nin 1 

^tl 11 nriitifif iiijiti w iwi 4tit^ 
initeii icf icf If 1^*11111 
|lcirnti-235 Cf aril fimeii fw ci 
11 itffilli It lit 111 . 4ri nciflil 

citii fci|ftiriiti-233i fiHi «f4%«ti 
ititeir if nfii* n 4cltfiiti-239-4 1 
W’tftci citfiiti 232 iftm 11 II* 
ciftiii-2>i3 41 w itin, cten fl leii 

i 

cifficf •rfin l•t•flltl-235 ifi f Cl 

4lV«ti fit ITl n t 4fff 1 11 4ff|l 4| 
4t*tr?ti cii lei t «tl niti 

fl 4 »^f ^(fiei itie* ten w itfwl 
aitircf i fif ftftili fief n flcn tei» 
f tl 411 4tn|i1 filfeii ifii! fiiw, Item 
W« fH fici ftf 44 41W4 

•Itl m l•‘•^^lel• w itf nf iieii 
•rtiitififmillnci%I 4tfi»i 
f 4tl|^ <Fait Brtcdef Rtsetor) i 
fWitifi cici# •niUffif ifiwiwrf 
iwii fItJlif 4fc nff%» 





«•! C^f 

c*^Vtn <tff MWf ficili I 

^yfiflti wtl « nHci* ^nt*ffl 

■f«W 5ti wW f4< I « hfflf 

ftw C^kfl 

c*iVcff •twi «c»i •*. •it'i. ntii 

>it.f I ^fsin^rf *0O4?i c*«>f «ittt» 

*rwxn « ’itjsfwi ni c^fWic^ri 

f%Jf ftiftl Y«l Wtl ltff«l 
c»>^cfi ^r»«ii « nffffili 

•c«fi ft<ri ^'«rifi 

c«ikfi •»f‘jf I m ftfI nw 

C«\fl «li ^fitPs « w»i 

4f^ Mrw c*l^cff ff^»i 

I Wf ttf t C5Cf C»i)t99 
tintf Ji »-5trt c«^ I 

fic«i •jip ffi ^rcn •ftfHI 
5^f» •rttfn c»i\f 

«fCf HfpJCl' . 

J «f j\af f fc^f irtf^ %< wi: 

Jiftl’f cw ifri Picf*!ii» 
c^f ftrf ffffii fff f>»!^ 

3400 ffl ^fftf flf 

fffj iftr ffft ifwtii 

Cftf >!flfHtf Cflf fCtfl fdf 

fFWt 2900 ffi *H^fn 
frrttf frftn frff*rt«ii 
cifni loso ftif wtoffti f»N- 

fttfcn ffw cftii cffi cun i 
in f>|fiftl «f Vtffi ^Cf <rtf 47D0 


w •3^c<ff« ciftfWi nr*rtf<^c« w 
nicii Iftcff nf^f cftiftftf fff 
fw firt »!r»nt^i 722*705) 

irfft«rct ffVi «fi 150 If 
’fv*!, <ff»< liTirfiiiti fti 

IWf I |W «Pni Iltlfcil ^U^ 

ffltlllt ( 1400) c*!)! 

r«c-i4 ff 15 for idfi*! I 

5tf ftwtl <(tf 1t4 ifllf ft^lWl 
-ft c^cf <*<)f f ^15 ifl wf 
ftw •!t«ll ftn »«l ftcf 

c'i'lf I <f41fCf Wt« 

(Pig iron) fHflf, ’ilf tuVl (Stetl) 
« ftf C'lW (Wrought iron) |fltfw 
ffftfff c*»h 41?! itff frtcf I cfh fff 
^(Kf icff cffi ffi I <fri 

nh f ^n^ w 

fci ’ftfiff men 

wimi firfi fff •« cf 

nffn Prcifff, »rf« wf 
fHtWI 4tl ^tftl ftttl 

<»f« wtcfftf) fpfjfif ftrf i9t 
«cnni Wiffi emtf frf<f fititff* 
cfitf wif 4fl 5 K*f fcf nrHf 
oiW flfif Iff *ri€ «In *fftt<f f tt 
cfiVtfffif. fiff4 wfffffi ¥cwi cifif- 
n%Ux9 nt^fi m 4l 

efitfftfff artnff nn looo 

cm 1100 ffi iciftf m fitfwi 
mni tl*j5 ^i^cf 'itif 





fnm ni itircfi 

ft! 30 *it^Ra %<fl 
^n^wn «fi WJii ^rw 

«riw Hfi tw nnn ftttfftn 
irf« c>r^ cnn «f«tf 
* wtltr^t^HfUfcin €inffti««*tf 
flit* i[^« wn w K^i "»«t^cv 
ffitw cf 24 fl Hi f 6 U irrilt f<«tH 
c*^lwi few, cftcffl 

f4ff fwi ftw 

cff frufi nci« fiwf ffft 
^l*lfCi Cftflf*! f^cs 
•ftf ff ft WN ftl If I fif? Jlli « ft ft! 

1 .tni ^ftf f? ff 

fwtf I cftir«fi ff%c« frcf »tt<i-*i* 
ffi fittiffti ^ifi fff Jiw« 

Iffi<i ^tt^ I 

t(kf wi ftfti fM ri,:4 ffOr I «\f 
ftf cftftcii ▼rtfi cfk f Htc« ffi 
•itfit ftf, ffi Hii fw »i8it5« Cfntif 
fllW f f^l filtl fiCfl I 

titftw fr^tf flit fw ticffii 

ffWf ®r»! « f^i I «ti fifftH ftftf 
fH iftM c*!»{lf nfHftffff'tfl WW 
icif fif’Hf w» Ww 

fWti ftffincHffffrtffti 
ffWIffH •<#« (Gtin«)fftCll 

ftt fffti ffi cfffti 
fHt fff fti-f* fu ftcffti 
cftWfIf«««fl lf« fH f *icf HcifCfWJ I 
fit^i ffftf trtt fHffftw fcitff 

fRff «wtn ^enf 
ik (ifli, f Iff m 

^Utbe) Iff I ff(f fttfIfktIfCft 


( 400 CfCf 1400 tktf ) ftftftl. f w- 
xm fffwi fpTf ffK c«f CTh 
PifMWt fCf ftlinijtf witf 
^tff fi 1350 *irf cfc# fwf fdtf 
f f fl 1500 f Iff Cf Cf I f f-f fftcf 

cf>fP^i ffffop ftiftii Cf 
fcf cftfftfki fff- 

f ffft fifl fC1 CfCf I 

ffff ftf fHtff fjffiUcfi fcf. 
fff^tcf ffcf c*t\n»i fClflfl 

cffrfff fffitf fffttff (ffff 
fffif CfCf ftfl ftl Cf, tl*(4 fff 
f»(^C» fckcf ffWf Cf\€ff 

i[fticf fff«»ftf11 

ftcfftftf ffff fifftcf f*!frcff 
ftffCff fl C^Cfl ffffti fflf fH 
fcltfin ffff f»t^r» 
fffftff ff Cfltfl^Cf« fWl I 

ftfrifi: fffi cftf ffrfi% ftftfff 
<f ff rt f tfw ftl I f ftf ftf Cf« f f n, 
^fiicf 4, ff fi fitfi fCf tjr f ffti 
fftf f ffff fW l Cf w f tftf Cftf ffi 

Hfiff fini ftfi cfVft ftf ftcf fi> 

f r«tt ftcff f ftf i f ff fli ftfT ft ff f fff 
Hftfff ftfi-fpw frtfipfti 
fttfi ft fff ftl SO K fllOtl 
ffi, 9 fk i«fi, 3 fl cftHii ftf 
*fff ftf c4f f ff w fttff icitii 
tf 4 cff ftftf rif fftfti ftmtil 1897 
fttf fftffjttfi fffkfft tf ff Itn cicf 
36t If ftil t«kf f^Cfi f ft tiill 
Ifitf f(f fW lltl ftf%ff —f> 11 
fl fit* 7 fl iff! f 5 Ifl cull— 
fff tit lie# l^f ffltt lewtfcw 
fffi fflfCf Cf f 1 ffiflf 



1973 ] cm 


’Td 

wt« •cfwi dtn^ mrl 
wtft^t fiid cifdw at, 

c9i» Jift 9«rf^a ftfJiti 
flf2| JJf S wtifi ^fffi I 

c%fi «rft«i wTtcf* 

$tH. I flfl- 

9ff»f, «itc*ff^» mtn 5, 

♦tihr 5 c«it» 6. 

«nirl¥ Fe»o, 70¥m 

«»r:¥» c<rr«! c<ft*i ^iSi <c*i 

4C¥ ( f#S,f4 '•I ) ^«!1 f? I 

ffflPf W€ ftdt ftpn >ri 

cfti fti I fr«!i nn 

4tf c*<\f c<Tf*irn f *nfc<- 

Wif *9 

'>W I {>1 WCW 41 mt 4I» 

C»Tf« ilr^l C¥fs« 4rfcf^f>cfrl 

;!»^w "f^F 4f CW, <•« 4fd 
«t«fw «ti ^ti r '4i¥>i 

Jffi •?« C^c» f»d 

ffC¥ ¥C1 » Sft5 nf¥ 

cfd ^^.9 fkw f4<cfi ¥fnr 

111 IMl <1 tCTO irt^f 
*frf wTtcttf^ w^'5< •ttnr wf»rtt*i 
•cuf «lff fcii ififti »c»p», 

¥fir¥ »ftifwirt?l »tifr¥ fir^ i>f v^wti 
¥CW 4t 1« iTifti fw I 

iTtifW ’fWt^ vtcin ^rlnWi 

41 fWiPi¥ 9*rtwr4 C4tf 4 wfirewsr 
F^| 04 » Of mtW |ll¥l ft« 4CWftl 
fi I 4^ 4f4dr 725C c^9 

4ttll C«!^f J!f4Cl 4 

tlcsd «|f nfHtd «rt«f! vtt I imt« 

mt nn m Huir w»? 44 ww 

% 


4ri irfnrl n fff 

^ddl 44 4ffttf aitl ft 4 Intttf 
<ittnr^? 44 ) I 4fi4ic^ Rffi, ^ffw, 
w<rrf-i 4 ii^«j(i 4r. ttinw fltittll 
4 tlftt^th^l tf% 4tffl ntcifltti 
f44 tftfin 44r*i ffitlfttlf 
fitt4 ^rtfi icfcti ifftiti thrift 
4rrfC4 fiit^n^’c^i If 4fc4 1 iif^iri 
4ri^4 cffdi W4f f#vrlf>3 wfint 
^cirttimi f^citifW It ctfitHli n 
ititifi^ ^trirt C4fi4 ftifiris, 
4ft£tf44 44t 3*5, 4tfl4 I CtC« \ 
4C1 63% C4\» 4fC4 ! 

ti im, 4if3tf t, «?rctf44 
941 3 'R, 4 ! 3 ff 4 B% / 4 \i! I Itttlftf 

%ntffiT FcCO, c*i^f nt^c«ft]f3 

f^rfdi irtftM *14^11 4tfi 

4^14 4*5tfflri 4t^£afl» 441f 4 

^lltl ttC4 41t 44 Wf<\l C*!]#'iPt4tl 

ctcf 4t c»i\*4fi4i rri^“ 

4fM IT^il •», 41 4C4 W:*H 44tt 

WWl C*l>£l!l f I tit's tft4 1 

tfllt^^ 1! tfl|f4C4f 1^ 4 44lir 

ftlWl 111 4^ C*ftf 4 ttftlltflW 

€fiTiii: »rf4f4tfi4 irrifni ^ifii vcw 

^jnil ft I A4 44 tlf 4Ctt4 t^iftirt 
tttii tirti in 411 41 4tdf 6, 

ffcntfl 4ff 51 t<ltf4C4 «n 467 ^ 
C4^4 urcfl 4444 4444 tflfftlff 

iftlfl (FO«lil) ftWtH ft I 4| tfi^l 
^lf4 Iwft 4 4t4H 

CtCf I 14t ClWffCtl 41 t<irf44 
f fW Ctt! ttl I 

«jf4^]rf wt4ff4 ciyi •«^*frfC4 
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'iitiiflffi, <if^, mifiifi, « ^rtfipfti 
wm cnvB ntcf i ^tc^fifti 
«mnf ifn, 

I C*!>C^ Stf 

•ffs-’i* «r^«i fi«r» 60 
^fti «itfi c^tl6 c»i\f<rf5iw 

¥it fwn t 

1965 f5if«l CWCH 

Hfkm ft« w fi*!—itfifii 

9 2 C¥fl5 4*6 CftH 

fe», »t*l 2*1 CVift 1*8 Cft<& 

6if. ri cfti Iw, ’fc^JT *4 

C^T# tJ5T, *4 C¥tl5 ¥Tt4t«t 1*9 

cftl8 ^4, ultw 1 Cftl6 ^4, (.n^^ *9 

C4rt^ '8 Cftfr nf%4 iftc44^ 

*2 Cf tl8 %4 I <•! nn W C4t^ 

31*6 cftft tPru c»ftf i 

41^ »!4i¥tf I’lfii 

«rti 

ftf%f1 25%. ^tisfi»ti 19%, 

Aid 10%, wm 4%. 5%. ^lc«^ 

5%, (’«r4fn«»1 5%, 3%, carffd! 

2% iunx ^itf 18% f 

CilW« 4 t 15 |f 4 ^ 4 t*l 

«tw<it4 ifff 2 cftH ^4 ^rf«fM 'iftfftf 
cdi^f «rfi5« ff I «ti 90 •wf ^4 
Prrm If. ?tf ^ «iti 
35 c*til ^f«rT» iit% 411 cici 
150 HT- 

>Ttiirt 'flcfw fit 111 

crVi iffTtii m ftcf*-5tdtrl 

t*lVl (Ct»t iron), ciltt c^ftl (Wrottgbt 
iron) f iStecl)! Pflrt <4tl 

2% cftf 4% «lfri 4tCf» cnl^ 


*1% cftf *2% nil nfri fftci uti 
l-ftci ffftWf fwltf 3% Cftf 1*5% 
^dfl 111 iwl C^Clt ItltClT ft^, ftl. 

Clfi|% If fWI f Wtl 

111 fflftl Cfkll Wtf 1200** 
cit%:4« I 4i| fti. ffern 

« ftlifll <tf ftl Clflt Itl 11 fl^ 

fcf ftit ffCf fftii fit w n itf 
c«i\cii ntitiif fti, cmif, cw, mi 
Cltftf Itf, ftlfCff Cltll Ifltfl 
lit A cfkn wtf 1500' c>iftc4fwf 
fl Cf^f C«l\l f «If frlf ft! fi|w 
ffitf 1 *rtf ff If fcf iti I fI c4i 
w f 4i^ti I 41 Itl ntn fti fffw 
fllTd. 5nift*W f«C5 fIti) glCf 5fl1f 
II. fff 4tf lift |lf fit Itl lit 
|"*ffcn fdlltf 1300* 4| 

ft^tl C5k f^l W firflHf t 4| 
fn fCH ftf 41 UHfl Uttf 1 

Htf ffCl Cl«t4tK |!|4, ftlff. fft* 
H, Itl. ff, fff f ititCfl fftff 
^ifl lit Iftftf fflf tff fCf 
ihv Jtft cif It fCf cftitcf t5 f^^ti 
f ffi icf Iff, ftini ^ Hri ^tci 
?tCf fil fCl ffltl ftCf ftCf iff! 
fitf fl^Cll 4fll ftuifl 
ffipittf *ftw Cffit (Tempering) IW I 

^tfcf f tft Iff nfii f fit fif» 

ffn n? 1000 U 
itftt ci<ti fftf c4i«wf tff» 
f^fhl f flfplf fll Nft HI €fl 
100 fl l| fpfcii If Icli 1^ fWH 
fCl ffl Itn ftf 4 ftftll ^ <f Cf 
f'ftf c«^14f3tf { 4» irtcf* 

^ K 4f W flft f fft fff |4|- 
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•TKi OT HtlW Htf ^9 «Cf 800* 

Ft«wi w fif 41 w gill 
TOTOI Vtmtit >|ff1 1600* C»I^€® 

'•ci 41^ «t* miw ¥i«n 
#f^ mU^ fi ,11^ 

«ti*ri ♦nw W firsrtwfips •rftiv 
m €iwcn ^ffctt^i 

*»r» ici c4it¥ fiwifii vci 
^Cf vtwi-irf# gwi- 

•Tt^lCll X9 Id nfill fCt 

«tciftl <4¥ fw fni dfici Itn mti 
^f«!l C«»\< ^C^WtfW %tl> 

^fl« 4^111 0rc#i uti «ff5 ’Jlf *(1 ffci 
fci ^tcn I '•«nt | tfd ci^c^ 

i:»! ^fvfri fII ft 1 1954 
^ irti 30 cftft 

#tii C*!^ w«fl I 

C*l^(# nciftlfl ^ftl Citf 

iri <*tf cf^tl ^ilti *ni 

*!Cf «lflf Hfiir!|S!?W 
ffit WCW1 c»i^i«r9 

¥CI ^f•!tc^l f I ! vlf W ^flfll* Wl 
tJt’Tft’! dl ft! Ill 

«tl fiVl £»!lf l’>fTltf* 
HWtl^ fd ftCf I '•O ^tl 

c*f^l < 

•IWtCIi 6t«5t^ c»^tfi 

Cfd wn <M9K c*!^l d\f ^C*f«Fl nff¥ 
it«ff t ai 919 cn^tl «fcf 

«Wfi CIW VCI f#l| 

dif mfkfiv 9 m» !i #n 

ti I cnVtl £*i^f fifft •iffiw 

^wton ^Cf ti« iFit*! fff» 

u 1^- 


•ffi nfmm c'ftofi •rfiicf Hw 

Nff |[H 1855 ^fCf Cffit 

ciwti Hti ^»ftf '• 

»dl I ^•^'1 si«» 

9 H 9 *,w nfif'S l?t«rtl C^tir* ‘ITT 
ffci >icitci it»t>r it»wi ¥11 111 '.Cl 

¥w c*i\tii Iff til iifU 9 irffvfi 

9C9 fid firiwr dw 
ICf ffl, ¥tlll f4ffl imtl «lftf 9 9(Wi9 
9f^ CftI f 11 III 

Cl>C|f ICf ff f%t lUtl Hf ll 9 9919 
ft? rffill flfff W^i ftfllff If I 

e e.«fi »i I 71 ftl I'ntCfi Itf 18 

"Sri CflflltH 9 8 Itl fi<£f| ItfiCl f^[Cl 
1,f ^-ft I fl ckncii ti iffi II t 'll €tf|« 

I’^tc'B fffi* finfiitff i%4< 
ftc^ ffC'f’i ^•ttft% 1 fiiftfif M 9\n 
9 1*^1 * 85 fN ffftti cf >Tfl 
Ml II. fti 5|t»fcfr *1111 gf fifti 
mfi ici ftci I Cf ffinii »itftif 
l"»ifcn cin*if Iff fl ft*! Ilf fttf, 
C*T fC*! irtwtr^fffffln •llitf 22 

ffl nff ftll ICICI I fflf 

l■ntc» IffII 61 ftn (fit fill 36 
«tn f^cff irtf I 9 * ff« ftf ftn 
<inr«J !9 fif -iffffili» Cf fCf f^ 
fff Uftl ftcf flflif II I 99 ff Cf 61 
ftf Cfi^f, 13 ftf fijiflffffitf 9 25 
»tf r-tCff 9 1 ffl ft^f 999 fCi 
Cf ll-ttl lit ft! ftItCfl V 

Cftift^i gtf fk ¥11 ftii fjftif 
il'Mtcfi ftw gif fiw Tfn cftf 
l^rcii iffVcf ifti cftfi ffiti ¥ti 
!^¥it ¥Cf tffci ft! W flCl Tflf* 

itftw ^ c*i^t ftll gir¥ 
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I pm Nnitw am *ii- 

miw ^ti it 

Cl^f Cl# *!l"nH¥ ft#ii #n f 
stiffenw f#ii 76©* c>if^c«« ’*t*i* 
Ititl lltiw HfC«f gw 

#tC« ^1tf,t4 •{ftfl 95 «tn t"*tt'i 
« 3 ’#tn tttcll4 fitfici tifii 111 cittcii 
mw Cl t*nt# 1T«11 fl* ’*tC« 4‘5% 
ltd I t"*ttC#l 1C? ’1?f 11 1 ?fl 
VTtcifeiti fifici btin fi r 

1960 itci Ttfiilf fifsi cfCit-iU 

€tic?i ifilti *9 iin fii ;~ 

|vii| 8-8 cftfS tl, 
itfilt ()’4 c*t!8 ; •iitJ* 2*17 cfi!? 

tl i if-W ?ic<l4^ J c?t15 , cut icti 

2‘4 cit# ti. itc««» ‘3 cftlJ ; ?tit 
17 cfll U i ?ftit®l 5 c#t{8 ti. 

*3 cit® i ?fl? *33 c?ri8 ti; 
iffll ?tfi«f 1 *2 dl(& ti i '8 c?tf5 
ti I 

1965 If Cl If 11 fltl 40 cftf5 ti 
tll^ <111 tcifli I it 111 flfsw 
•tel t^lffCll IWI «fl WClltl 

it ititf fti :— 

?tdfifti i^vifl 27;j; ttflil Wo ; 
iHl 10, ?tntl 7.0 ; fctl 6% . 
»li| 5;»; bli 5'o i ttt^ 2'^»Cltltl 2o ^ 
c*c?tc«lc«f?i 1 2% i cilflltl 2% , 

1% i mil 12% 1 

lift g-ntdi itiitiff 

nti <iti jeo 1 ? Ii t"nti tMi tw 

itt? I ?twft?ti Ifaitii 

«tfdf itfi t^ntiMi itiitii 7fi4li 
W W*. 1?rw ifl ?C1 72?? 
I? Imi? tf I 


fw cikfi i< %?rt ^1, 

W 7*^, Wtf 1530* C?^€l 1 Ci^4 
2735* C?t^:#i ?tn?tlfi «ini?C« * 
ci\ct* ?t*t ??ii irf% fi4?^ 

Clf%C*sfCl COOOllf^icifm 
?r«f«iVci los^-iH. itn nfiw ?iii 
«f 8 C?f*SfttfCl ‘16 ?TtC?ffl» ?nfi£»! 

Uft itffi ft ^ Cl ten 

tfufi ?tcf, in t«ii ^1 i\m mtd 
?n •frs tf? ?c^ <t <rc? i c?nn 

nf«sii« ?nii 164 cnf^f^tn-m-cicf i, 
tT<n nfi4h 20"c?ftc*rc?‘041 
11 4^If? dtts t"^w 
stri 80 in' iwwi tfi? ?f nci 
?tc« I fifff? T[(n -fi??! If 

ftfiifttrcii ?? ltd* If If? fti 
ftcsi fi ?? c?t8ti nti, ^«f< fct- 
r#c?f I l"nfi i4tTn cici ci^ fir»- 
itnfi ?c?« iff c?fcf« fWI ClCfCl 
17300 ft I t'nfcn ff^ 55 cfcf 
64 ??f nfti I ?t?f f? fr« ^?(cf 
Ci?f»l C?^^ 153, 55, 59) fflf 

?ff ftici I 

wtfcfi ?i1ci «fn 34 «ft*( 
?tcf f it If? •ni c?Vf-c?wtf 
cf ?f«n c?U itcf, ?ntii ftftfi 
cfw «n wtf4 c*»\< ?tri I 
?ntcwi <rn 10 etc? 20 c?\tfi 

trcftf? I 11 itiri cm ?ni w 
ffWtfi «m 5 dnn ?t?f? ciVt ftw 
?c? w fwi III »ww citff? ?fi?i 
c?\wm? lit?, mew c?h:fi fiiii 
ftc? iviwii fiHt fif ftititi fti 
Clef ^?w ttei Iff? ?e? c?H 

W ?ii? m wt ^ ^ 
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fi •tttii 

c^kfi m niw '« 

ft^<tii>itu wm n1^, <ffT^i. Hitw. 

ntV 'ItV tiCTl « 

itn cn\f i 

cuVf lutfiri cw ftlcsfw*? 

’trt*f %» vtu c^t»i, «r^fi 

f*ii f%fi ntn, *«•! 

«fC1 c^\f ¥IW w ^tw 

csfl «fl^f T» ^51 «Pw *n 
^rtfttin ffsf at«*i c«j\f 

f*f«C1[ fCl Itl I 

tt'si ^rt ff|l ) 
'sitrfw c#t<f '«£*^ 

c«!k* ^v,)^ ncf! <•« 

♦til fi-ir? ^1 fi^tv-n^tt I 

♦♦iti ci;» c»ti afftw^fii 

ati cwf ivi •!£« ♦ci»f5 
♦fitc^fl iJitfl fii fii 11C6 i£i 
cutf n cnt»ia«f^ ♦■•I ♦« iti f»}cifi^ 
£1,1*1 Trci ♦i^t ’’f 1 I ^-^csf 

fM cacf nn ♦iifi mi9 
faficii ^•ri £••♦, i«, n 

fttw irwn mtw fimiii •<. mu 
optfiiti II ficfwi cf«n fi I 

c*»\f n\ nrtr»rc« ari^i i »!t*i- 

fvlfi# inlf»I£« C^\* f»W fflMC^l 
ffiti»r « ♦t*sn itlcitcw^ «rjtcni <tii 
oi tfitfn wff 4ti ffiftci icfcM 
»!W fSt%ri ♦tW ♦If*! 

j^) ^»ffi mtw fTir* wi 
cVrfaa nft< c¥it*! 

9 cifftf oFtitt* iitfti V ntf I wri 
mx9 fii cfli rfcitca 

cvfia OFfftN 911 fim i t«w 
ci94t n4ii cfftf ^tw^Fttiifi 


21^ 

^ ’♦itfitii «Vf 

9i%f m ici (Pauivc) 

«tltlfa <11 9 %^ 

c*i\< wti cati itfilSi %<^ti JW C1C9 

c^l Iff fii^ ntcf n '•i^ nt 
uTtfttaa «ii <1111 ititififtfi 

nfsii—!♦< flfwi c»^c<« nttf 
iiift£»i <<^1 nfi^i 1^1 w iiiiw 
jffn ifiatii it^ I iititi ifi >5^ 99t« 
£11 fci ici'Cict flail’ w 
citii <1, itiw *5l«*i f»ifi ^tfi cav¬ 
ils * fl*! c<111 <1 

itatci ^sa aiCij ♦ti i«« cffif 
irarlv n f ♦< ♦iii •<♦ iti v« 

11 ti?i' •‘■f*’ I'fiitti »ii£ a<t*wl« 

mfiii ♦iifi atct nitc<i iiKti 

^lc< ) <b^if c«i\< niTla 0%9 

fic« <c^ cat«»i ii^fci Cl cfti c«if< 
11 c»i\t '♦ail® <111 fin <1 

nail will «« c»i^c«i ^*11 flit aiiiia 
a^iij*«iit«iii m HI 

^fiflifi ^lf I'^fcii f^l i«« 
a 1 fCl <111 

^19 iiaici cfciKtititla 

will Cl cat! c*iUiH« ♦!! mitafi 
ficwa il*! ii<i •itMti <1 ( cafif 
c#\<wj8a a<1i djici i<^*iti1« <^tf5tfti 
".'fcitntftc*^ cvn 9H9 ^iifi itw mVB] 
CKl 111 1 it •Ill’ll '*♦1 VH £1* c^cii 
nfiiti •Riw w aitifi ♦♦ «f’f 111 
<£•!♦ 9"^ citai itn caVf nwli^cti 
ftfi a'fi f«i aHit^tf irtiffwaTti 
ffti fiaifwi iiti^ afcn1«.’Tffa 

Olf £♦>#?< «fWl <11 9^ <¥i ♦rtcfi 

c4<f< call irtiw ftfi £<ca iw itatw 
tffci awfia aitawf iF*if¥f W9 
afjfci nfia f iia i 





nwm) ^T%m jfct >!Cf itffft# 
i(% *rtc«fi •ifwHf^f 

f5liiti*fii ffrif ^wn 

f»ciri*ri *ftwt‘rf4f» «!fi» ^ itr^ "ft#!! 
ntcii 

filltC*li «f(f *ll«ftlf tf»f 
(Fission) Plf#lfl lUl 48<», 
ttl Il«1 *twt« Cf»f Fusion) 

W*in fftiti i^^^ f<if#il« ntftwr 
^Irtwi «f *f«Kc^mif4ripfi«( 

r<if#tff »frftc«ii fi ftlc'stctf^ 

cftit* Rc-ui 

nwttf cf«f fs«iff« »ci nv 
cwcf nflif »f ^n^] ^r? tt«i 
cfvf »iu^ifir^ ^1, ntfw ffi 
nftw «ni Rnfii ^c> '») *»rfli4 

HD ffi >ni*fr«[D 

CHtf HtD) « nflDtl -f(l« 

•ftW ftl, >rCft*Wf Itll ^tC«¥ ifCHf 


nfiDii nTw ntw Htii ntwl 

fticirw cDtHM w^r-^wn ninti cftHti 

Cfll WfW CD^I ntHtt CftDd 

r«WC¥ *ltDHl*ffDfr litff HCDI fulfil 
^fCD flfif CWW 

•rtfwHftf •Df# «t fWI ^ 
cDfHtf ffrHfrrcf ttfCHi nft 
fDifi«vc< nMi tifSi, w »i 

ficw nffcii nm\ nc^f ^^^ -!fi« 

IC■^» •ffitO I Plf%f Cfll f<DCI 
itCDDTt B«Kf <«l*x VII ^fi, 

Vi^ HfCDI 

flHCH f^ifi»cf»fH fD%n 
rv| ♦«) h:di w 

•rtwtsr fiDCI fsH‘8 HCTf BHCI 4V 

ilfv iftfifi Hcici (.^. <1 t9 cn 
fsHu wi\ nn Di I 

nUDfVW ftfiMt DlftJII HI Htf! niHlI, 
W—Htlcifc^iaf, fffinifH 4l». 4Cfl Bftt- 
CHfC^TC^H HWr, HHI— 


,D* 'f iD*-,H «*4 on* +325 Mtv (l|l "ffiH f 
,D* + |O*-,T' + .H*+ 4'03 », ( „ ) 

.D» + ,T»-^,H.* + on‘ + I7'6 .. ( . ) 

»D*+,He'-,Hc^+.H‘ + l6-3. ( .. ) 

iT* + iT*-*|He*+ 20 n*+ 11*3 „ ( ) 

CHDttJi |D*-«C>f5ia iT»-|r|. HCfl HfwfCf I 4CV 

lltH. lO* t 4tiS nHHtl HW f^fHl HHI ftlfl 1# C¥«fC« 

HHtff H«tl 4CHI ^IXfl HVWtfIri fIT* fW «tlf« 4HH nfiWH 





«% trartir m fnitt¥ 

•(fiHR TO cmn 101W ^fwl Ji^wtfin 
nm ^ I «•! ■!% ^ fitw ff^ 
mtfn (TO 10*'K) w Oil fk^ 
it^TOfi cn ftfirn mtcf 

m (Thermo¬ 

nuclear fuiion reaction)! 

.TOtl *IWI «t*IWtll •ft ¥11 H C¥W¥ 
fffeU ^ Wtl, cat*!tl ^Cf fiCtf 
ftll I ffl fulfil 

«Cltw41l tw ¥tn¥tll •mflC¥ •?! ¥11 
TO s»n ¥tf ¥f¥ %w nifi 
fft¥ »ra I tftffl ¥| tw ¥t*fff¥fl 
^f^f¥ TOftl fci 

•lfT¥ • 1 *tr»ff »t¥,nt ¥?¥1 

« lw¥jc*ri »Tiir:¥»t) I ¥> TW 
stwjitc¥ ntianfe¥ |i*iC¥ jswfcf mtn% 
ir¥C¥ WtTi ¥nt¥fil 

CTO ¥1C¥ ¥1 TO. ¥tM ¥tft*l 

atwjn ¥W> ^«*i fci •^rnci 

n^cftw^ fffifu c¥w ^ne! «*> tcTO 
-ifipnr^l ci^ff c¥cii ^c«ij ftfipii •i^rc^i 
fl, ¥tw ^f¥ ¥ltffi| CsVf¥ 

:¥tii ft«i ¥fr¥l <r»tft¥ to i ¥t¥ff i 
¥tn¥^ fipict ¥¥r •m¥ wee, ¥i fc»n 
Lawion-«$l ¥<—irfr¥ >!^nt¥¥ refantl 
tf¥^f¥HI TOH •|fi^1TO¥l 

:^% U 1 Lawsort-«l »rl TO!1 n (fef#ltll 

•fi¥tt*f¥* m ) ewt t (jrtifjiji f ffit- 
¥f¥>-¥t ¥¥¥¥ 10**(D-D 

C¥n) =n 10»* <D-T faftiti C¥C¥) 
*«« C¥% fn TO! ¥lwl ^fi¥ 
¥TOtW¥ ftfSFH ¥^TO TO ¥f¥1 
TOO tmytM H¥tf¥ ¥i 

fkf^ TOW TO t»H»TOTOTOTO 


mtn IfTOl TO. TOl fttwtl tf¥ 
f fvi *tfi¥ti itp ^*i¥i ¥11 

«f¥n ift*n ¥f¥ TO^tti 

(Pinch effect) ¥¥tl i C¥tJt ¥Wf 

^lf¥¥ tftWJItl W ffCl 
tjftf •iritRi ¥tf, ¥c^ ¥1 ¥¥t ciVf¥ 
C¥!I ifi^ ¥tf, ¥1 TO5tC¥ ¥(¥• ltt¥l 
ffC¥ C^C¥ itC^ ¥C¥e CfftC¥i ¥C¥ 
¥t¥j^tc¥ -n^ ¥«¥ cfi 1 ^fin flfW 
•(ft¥f¥¥ ¥1 ¥¥¥ tt ¥¥tHt¥ ¥tCTI 
aw fftl frC¥ ¥f?^ TOft¥ ft I 
fff ¥¥f¥i ai¥feei ¥l C¥, C¥ ¥f¥¥ttW 
¥t¥TOl •fthwi ¥1. ¥1 

nim'k t¥« atwjiti ¥tt¥, ¥t¥ 

^*(si sr^jiti ¥TOt«1 ¥¥i; 
¥C¥ ’¥tt¥ I ft ¥«t« ¥Cf 

4ft <tt¥fe¥^¥ ¥•! ca«1 if. ¥t« ¥¥ TO 

^*11 e»1ll« ¥t¥ ¥?» I ¥C¥ TO ctflt¥ 
(Torui) I ¥| C^tlt¥t¥ ¥¥t Ilt¥t¥<tcii 
C¥C¥«r«^ ff^tce 111 u (l¥t fw) ¥1^ 
¥i ert^atfiri ^aft ^i¥ir¥¥ TOa TOW 

¥tl C^rifW ^iffl tft¥JltC¥ 4¥t In 

C¥«¥«t#i ¥tf«<*nitf ¥11 ¥11 

«ttf Jft¥5tl CltWl f^fC¥ ¥t¥ 
¥ifl ¥tl¥ «f/h[ ¥tcnt ¥¥tl (Ohmic 
heatinl) f1 I ¥tl1l «riT¥ ¥¥| nct 
fttTO Sjfvitlt ¥f¥ ¥C11 cn C¥tl 
fimw eliFifi f^ri¥ ¥tCltWl flf#tl 

itfifi wflpf^ii ¥> Cl, -a trfli t 5 

¥1! lf¥ ¥C1¥ ll>C»tr¥C¥t¥l TOl 
¥t¥Jll ¥• C¥C¥ ¥l¥l ClltCTf 
TO TO! ¥tl W¥¥ lien 
fl^fTOi Cfl f«t¥'ai^¥f¥¥ ¥ ¥lWfl 
ifii Cf¥i CTO Cl, jrfwjiti itfif itftt¥ 
fW (I) ctfTOl C11T¥ C¥tl lt¥l TO, 
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ffti flW fW (a fHf^« fH*lf «|W cm Iff I 4| 

Cfitwf ^ti Wftw »ffiwTOi Ht»t^ flittfl (Charge separation) mm 

aw ffCT •rtf^ci atf jiti aw « apJti ci^ c^rm% 

a«1g w’Plf Mf f cwa nr% ain ?ff i «T?fca Aft^at ^ataifii dfca cfttcai 



ai *ff irrai atf Stellarator-ai fata I a\"nc4 aea ncf t a> a;# f lata 

•^c< af^a ctltauaa wti aifwa <rtf- mug ai^f c^fka t^can) ‘8* f^arfi tti 

^fta awi caatwi arlca affacfr«i fai fa (2at fai) atfI ara Stellarator ai i 

aiar ^ff^**rata ntfitca ca\af Stellarator ati afar,ai tapi^fai fit 

cf3 mt fit fi I fta al c^c» affa ca^if *rfH% •rfaa*>rftamtN iwaff 

aarf^ai al ca, at^taa‘cfatwa fkfa naf^caii w ftwaa «rf#iti 



2a\ fsf 


ca\if ciFwa mpg fmiciicntwi laatt trit acwt jttatafaaicnuftfii 
fi fi, TO aitaa a Iwlaai^ mMun a#afa t 
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4^.1973] 

•ii <fi W 41 V vvfvt «rtfi vn 
incii m m citw rfi (Magtntk 
minor) 4{vn dUff^ Wf 

ftia vfinncn iwj fict flir^- 
KtN vtdd w ci^v cw 4fl v« 
w cf, cww vfw vm vcvi w vti^f 
f«wtf il mtn CT^ fi I «rrcii vt 
ciHf cmnw^ f4i 


vfttitv cfrti wi if 1. cvift iffWJfv 
wt nt f4i crcv w nt% i 
WT ntfjittf fitwi vv vt<i 
mm I vttfwu i-vtcf vt f«wvi 
f^lWV (Neutral) 

f4jn >iw mm vftcii fi vtifi 
aififlv vtl fi I tf 

mUw vidflit^ mm 



JJ'W 

fiv 


4«ii fi (3^^ ll»)» mfifvf iftncfVfc^ 
<ti «. f<CTf nvfj 9ft *r\^f 

vif^» ffi, vrcff vfv-iflp c»)tf cvtit 
t«f fircvf vfvf mm t|f. vtn t^mn 
cvf (ffci C vTf) rtcv 
(fics A ^ 8 vN) (^cv mm 

cit vtv cfcv 4rf^f^i fcf 4W<rf 
i#m cvn tfcf ^rcvf vl vrtf 
m^mcv f 4 cff mn vtvv irfi ^ i 
« VI vm C^fV cvcit 

4 


vaiVtCff Vt^-VICIt VfftW ftCllfvi 
vfi ff t a<c5f fcai «t« vtcf tifi vn <• 
iflfvtltt^i^f *IWC4H (Adiabatic compre- 
fiiou) f ffi I mcwct vtwjtnm mw ntm 
v^afiv vfi ff aVi f •fit* 
vlti vfici vw mm frtvK aiwt v^af^v 
vfi fi ciYtv CVC5W vfiw ata mn i 
Ifi Vf Attron*4i affttf vftf vfin 
vtv I mmmm atitf ciftrff* 

mm itici wftw vtvacwM 




mmmvmm 


cvt fli HI 

mfs (<iti 3J-50 

Mev) ^c*i#|^«ESjC^F lif «itt ffci 
«M«r HI csHf C^PIH Ww 

,45^ JfCTfWf Wi SfffCf i*fft 

■•fS wi 

»ff5f f««! ( 14* fsTB) I 


^ <• «tcf vim^nkm fit< i 

f#f w iw fH *«t ti^mf 
ttfii V ^ w 

’iff fiwjitf «ftw fifrcft Ilf, frtHf 
<41 ftfii itvfwi cfw ntci I f^Pf 
tn^w ^tniiiti c^titi nti« 
^fif ciiwri fi¥fi (fifiio* 



4i\ fia 


iitajitc^ fc« a1 

ll*lf-^11lf«ll »ic? q HI « 

i«irifti itii aitfi ftfif I 1 tf a| 

•lilftl fiw ’144fl H fl I 

atftflf atw.ftcf N«f*i atcf 
f*f^ flCll 4 tf llfllf 4 fl« Ifll 

Iff#! 4 fltf fit fcitfl »tl Hfltw 
Cl fl •faff ftwrAcfi mcstf ci% 
’ft#^ ftfCf* 4 tl 4 f{f fxm Clftw 
(Laser) *|tftW fii^ l^CltWl fi^lt 
fitciii c*wii %m 4 w ’fn*n. 
ft! 4 f«t iff ni^rw .fC 4 fitiita 
«i^ If i m ifi ’ifff nf^ 
iptf 4 H 41 flfl WfCl^l 

414 . 4 | C 44 tl iff Htlliltt^lf^lCll 
fffitfi •tfti (p*net) tm (HU fit. 


^ t I ftwJf ciffCii fIficiJ Hiifari 
fifiFlt ifrfiti ^ 4f %m if#- 

4"4f Clftl *iafl ¥111 

fW Itfitti Tokamak 
¥tf»l I 4| fllCl «fl ¥t4 Util ff 
1960 nlW iCffl I. V. Kurchatov 
Inltitute- 41 clrttCTl ICfl 

iktlti ftl 4l¥Wr« 4¥l 
llftf it¥l (ItltCft fCfl Hffll IrtP! 
Iitw^ldf ftinfr tw af^viwtf ’itfMi 
¥11 HI Wf, atwjiti 

¥fi1l ¥IW1 4¥fl ¥«; dtltwf 
CHtW 4ftpn iftinw 4tfttfT 

4H C¥4 ¥# ¥11 H, 11 

aurtcH ¥w %|f c*« mm uRi 

mm 4W8|¥ 44|H Cl 



^WtW3) 2li 


iWi nF (H«Uc«l) 

ft I cWCTmt 

ft« nl><W»f4iWt fUCf Tokamak 
>rrfW"Cf >Tw nl«i «t 
ftrtl WHI W ^1 

wm f n f rti» 
fkifti fit f<i<t{*ri w«r 

vcifK ftaci !i«n iHr# fci; 
cw—atwj^i c^t¥f^ffinwt« « 
‘MT-nflRtPw f£^ '^f#i «i*»fi. cshf 
C^W fffwftt (DifFusiori), «r«l.atl 
Nllf* I 

f£« c*^i cnci cw. i 


1«! C«f Cl <lfllrt1 ftl, 

"T^ntwai ff%ltf lO** ifTtC^i 
•tNw idu irafHI nHs *ffNl 

«tWtWH 200 iTtHSI <nt£»rtft^ J 
CfHl HtCf* ¥1 ¥ttt> aiMlt f« 

HflFI ^fil¥tl> 111 nttCfl 11rtftfl ¥- 
c¥t« <Hta« c^, •fflat*t 

^•av Jlfli Iff ¥C¥C« tffa 

£l¥^l ( ¥1 ¥ft¥f* ^C¥ ^Ffif■ ) 

S\nf fca 1 ¥tcwl fHtflii 
fafvii faait'Tlc’ri ftck a'fafM 

>iif!5 »itcf*w I 


^ji^rsf 


at««i i?taia ¥Jt*ir< •«#I8 
aitftw HJtfa! 4HtlWntf¥ 

fttn. ffi fftMtnr aitfia 

fc«^ in tint I cii¥f«£» cij 

idl—W fC ^11 CIH- 

¥jmfi •«¥l&i\fiir» iru if<»« 
¥l ciftH Cl «fi ucHi xvn 

^9t« v¥ nm, Hfvtii«(ii iHj 
111, ¥Jt¥rt« Itllltcil •HI* f«*t^il 
w fci cimti* 45 ncti ulif itf 
ItfClt mi ^ CilCrt <tf#t4 aimii¥: 
ci% <fti irti Hcf iM 

<¥ti <¥f¥¥ftirtn n[im ifini 
fii utififi cm 4if» m ¥¥ m 
c¥tiff rni •liift <ii ^ ciftn «it#n tj i 


«f¥ Hfl <1 f<t1& H»llf CHtCfl 

ffl-wt^lcri cicil 

fliCl f Jlatkai ¥N*l fiitlCli tnil 
ffflltl ¥£¥l ITlVltCM ¥t «1 HlCl 
icH ntficmi ?f%'W 

r#| Hill ilCItHl I vfkif 

<tr*l !?>« «» ¥ci ncfi^ m ifin 
cir#i ¥> **¥cfriiS ssi fcifPk'i in 
«1 <¥lcil ¥|l ¥Cf I ft! '•k fciftl 
cw-rw ¥fll *f HI—¥¥¥¥fH fl/Sfl 
CUM KH I Ifm Hftf fC« ft, 4«l 
il* cfti fci cfli t<*!* 

in ¥t«tk tri.’ll, c»tf, If. nlw^. 

klHff ?lf4 

¥C1« tcif fit Cfr« *IIC1, flit T|/ft¥ 
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<tfl nm mw Cftai «t%f 

•fri ffi UfSI iflm wtf 

«!• fCf ftll ctl> 

t^tffwi rnttwr uMtili cftttfti ci^ 
<9t| i «t%it lUffv 

flit ftci, Iff few fW 11 flwci 

ffti i ffjf |f«f ftf fif frrl^cf 

fftwf f^fjt ffi cnci ftci t fii fJiftI 
4il( f ftii fi f tftfii: ff 
iNi fi fti f rt; k PiffI fwfi 
*11 ftrif wiff «ijw fin 1* iiiTW- 
1^1 citf-Ritif fi HU ftil Iff 
itfii irtftun ifti %i ftl I 
fJifItlll it fl Iffl, Iff ftftW 
ffw w fci ciif 411# 

Cltf-ftltlf-4ffl1 Cflf ft! 4f^ *nfit 

itw f Hf i*i% citl ff 11 wni il ici» 

Utfitl Cll^ll It^Ftl Wf 4lll wtn 

itfll ItftlfUtl fCf M cff > ittfi 
fUfW%1 flf iWf \ ff 1 ClfCfl witil 
well lit 11 » 1 ! ajfif 4t»tf ftw 
mitfii cffiitii w 4fii Hlfrcu 
it 111 *ltl > ttftl Cltl fitCl Itlf 
ititi ftn in I tcifiitf j (f, tiffi* 
fttn'l it 11 witifli citf %Hm iw, 
fli f f ttftil iimtci *lflfl tl ft I 
4| -tit^i cftfi fftil Ifwffyii 
iilitttn itif ffci frtifi^l ici icif I 
till, enfw cf, ftffifi* fwi ift* 
f^wi cimi ftifif-wffit cfcf 
fill iliitf ntfi ititfl fici 
•rtci 4f< itifitf fllw cfii ffti- 
itn itffi citcfi fiici fiUft <fci 
it Id itcii frfcii w 

in iw cf cfoff <f, irtf^ni citcfi 


Hfifli fritwf-4iffii 41 en <m 
41 cfCf fitfli iiti i«f I iHn n wi 
€llf 4111 4W1 ClfUlSl fN|nif{jn 
ftftw fff ^ C4%1 41 4ttf m 
lllf HI ftl, 4Cf C*rt *4t%t4 
fftftin fn icf I fcfffti iw tun 
Cl«, 4ti 503 iltfi itftlf^l hK 
lJt4tl it Hd ItM I 4lf41 fW Cltf 
Cltf itftllll IfMci—4ff fl. If? 
lltcil Cltf 4^C1 ItflCl Cf 4ft ftl. 4W 
«Jt 4^tH CltCfl fWI 4fflf^l f<ll4f- 
41141 C?f1 ftl I 

ftfl iff^ltCf ffl ijlf 41,4 
f|4tft{fl Itm. flWl 11 fff If* 
Itiltftl Cf till flft4 ftltf MfWl 
fCl 411 llCf UHW ljl4ti fill 
fltlfl ftCll 4fCl 1f*!tf ffW 
lent ifi lef nfi fiifii 4tf^rm 
t^fftcf fl 44tf ffCl ftf! Tfff^ei lt4ll 
fliefi fcflfn teiti 4« 4feii fe4i 
1962 ftCf Iwtcil 4l?«l fif^Ml (Royal 
colkfle of phyttcians) ffltCKtf 41* 
llfflll Ifd ICWt Bfaiff I 4ttft%fti 
nif eifteidi iditiftf 1964 
Itfliff ftflWl 't4l|ltC4fm« 
If I I'cff fd» 1,1 ItCfl ftf ffRWl 
iil4teit iPif^ efWtCfW 4fttt 
fcitf i fifi wcf i f f^ iw itn 0tm$ 
flf Itfl fllf fffti cf% twilit Itf, 

4ff 4ft 4«ltll1 4CfI fCfJ 4141 | »im> W 
nflltll ftlt ftl I 4tCfllltl 
Cf mn—ijwfi itii II, 411 41 
cittffi fw Id iifMii Rnfdi ifif^ 
ftw in. fWf fwti nw, fwr 4 ^ 

41 H CllCll llfl CHW fdHdB 



m <wr mftfi 

CTfpn 

nm ^wwtfivii tin ^WM»; «ltl 
iw*t«Shi ^*1111 c«fw I 
^ cm «f% 

OT, Wtl n(% *|W« 'HtHl *(f5l^tf 
«flt«wi W94 «fii nlfn 

t«lVll I ’i|f5ic<«a?l ipf« fTt«lftll 
lift ’TiMI WI «i c«<ll C^Ci. 
^til ’^cn «« m »w*t*^tcfi »ct 
nic\ ctt^i ntftc^i ^1c* ftw fws», 
»tCfl «fl| Wf#t{Ti »!^tn 

cir«iti, «i?fi ift< 

ctcf f4f«f«« c««%i iftrt «ttfit¥twf 
fi^fwsi-ww fff^W Cfl 1 
■flitu flfwfi wHiwtw# 

frl^Tff tc« •ffwi cic«« c^tckl JT'f 
4f» «CK« *!t^fl1^s 

¥1CTI #ll ^11 ¥tc¥ I 

C¥, ¥)t*ftl C¥T< Itll fC« 

ntw fvJiif uttpi# <tcwti c¥cf 

Cl, Htft'ftl ¥t¥CH iw 

Citltc^f ▼Jl^tl (Bufkftt'# lyphoraa) 
«¥ iiwi ¥ttitc¥« fill ’ll I ’uttii mm 
cun c¥, ntfncww ¥rt¥iff ^¥ff«f iicii 
nnnw ftil ¥t ntci« Cftiwi 

¥Jt«rtl ftti ^C¥lltf» WTif 

«¥, ^¥. It^np, A *!1 

¥litii«: <wt¥i fftfl nfiitfvi 111 
¥!tf t 

^firn n^t ¥jwr« iit#i% 

cft%f flu f»f%Mti w fip^ I 

m Mm w 

irtwii an ¥ml c*w« mm 


m 

ifn «niif« futii ¥it wi 
«rttf citrti 11 fiwi Pnmw «w 
citm ¥t« fi ¥iil niff ^ TOm 1 
•tUtWI mil Cimtttf <¥tf«tilC¥ 
ftw cic¥ It? ffn 
cfitt ak\ fmi. tff ^n mil il 
•tlft fill fl fl ITx fl 

lllftl liaiflUf W HI mfaif- 
¥tw icif ill ¥ mttw cfufiii i(%« 
ftttw fjt'ittii fiff^ftt fill if*t 
ntfii itci I 'll mil fii fti 

iaif4ffi ict 41^ tf% iClfCfl flftlf 
fff ffi Btfi ficfj c^rtll ifli 
w*fjt*rtcn iifii Wfft c¥.i 

fsffl.f ff ¥£f t|fl| ftffi CfCf i 

filifi f’nc# riiNlm iiji W-* 
t*l ft till ffltllfti) l?! Wtfif fl ¥111 
Cff ait, ntfffltl ¥ ifl ICItf V 
ftff uifti *11 ¥<r^ f<c¥c!i inmiti 
ifiii ifti intf Iff t 111 iti 1600 
i¥«i ifftiPif *rfrc<« ¥f 1 1(11 cf Cl - 
¥n»i(£ii ^11 cf f i-ci% «¥fi ittci I 

^itifriffi ff-ifw fiinn If^llcl 
<rN 1500 i¥Cfi 4m 

fill film mil I 4111 ittij 45 
ffcfi Ifti iftf f(fi itcff I 

cf n% 4fif Mil iftftci fill iiftii. 
WU fimitti InilfW Podopliylum 
glycoside a i 
¥Jl*ffl It 

wwf emit fwit ¥lciffcffi 
fill uPirt ifti fif#! cfif ftitf 
i¥pn film met, «i# ¥| ctitfi 
ffitfi fin iftfltiTCf fn ffi Iff 
flf ffWfailcfl *rc¥ Wllfll ffCft 


Wnif 



wfiu ikm ifipn w^ ^^N4caff vc«i ^ot^^rtcif 

fH*tttii ^ til fill IntCT itl—n unn inffi 

*»r«ii iltwi in. i?« tf ftf *i«n itfcicii 


'?ir??c^ §<.*imsra 

jjvNi *tif^ 's *tfirr»i*ii 

» 

%n:i9far A'lti* 


24-*n«i*n ciifi 

iti XV9 

ICl fClClt 1* flflto 1151 
IClCl IMfll Rf 111 II 

#Hn: if¥tn «iiiif« r*fcf cicfl 

fciti I iiw lien 

Ml ll llfMMCl iflfl 1C« ClCMCfl 
^ICM ffCl lici Mt- 

ffli it Itl. ICMl Mif^ ICl MtCl, 
il^iM ^iM ifi ciei tici, ffin t^tn- 
111 iftiti lei \ii ^iM Mifi itfii 

%m < 

ciYcitfti iMirtn itiiwi il 
iitn MMlifiti iti n Mti w in 
ffci 1 Mti citin 1 i-Mt« ifl» iviti 
ni M’fllliCl «f1 UfllfM 
111 fliiM iwicin CMC# tun iw- 
CMtl 15 ClCl 30 ft *I<1 

iftltll 111 it Cltltl 1 tilt! IWl 
titien «fi cww m 5 ft cm 
10 ft 111 —in ff, citi citi i?lc« 
«• lii itiieMi urn <i*l tiimw 
it 111 'll iiVifiei tititf-^itfi 
it fim iiti fin it Cl, tritf 


iMi icii vi^iicn. cititcn tsfiwcii 
citi iti fin iti 111 I 

tllMlf, llfip^. Ittl’fffil. WClli, 
filtMlI, I’tll, cut lltltflll. Ml 
limiflV, ItClMMlfn, Itiw. ItMlI. 
fiitfi. rCliift, fill, itfiti, MH«0, 
Itffltll tljlfi MM^ 1 IfW* 5111- 
iifitf fifii nitci iM^ Mfjffn iti’ 
ICMIl Cltltl-irtfl vWflCMClf flfwil 
cfn Mti I n If 11 icn itci; icn 
(flfiCMcli itfiij, iiti « ciincn 
wwi 11 ifii nt<i?, it ft 1 
HI iMc it n-fifiM. nfliiMi 

l*!tlCMf ffl tMI it llfCl ^MW 
iM it nfifi fifiwi fifi* i?fci 
«fl nil t^itfcif nffwi 

m in cici itcii lid ilti^ 
mil. <icifiitMfw iltTfi i?fif3w 
iti mfiiif^ ncitn Ml ficitnn 
niiMiit, iftifiri ncii wfi. iifffn 
#ffi 1 irfiittif mm f«wti* 
(tmtffi IMd itCMlM 1 icir%ii 

(w) fmi, 

1^-3, nrtfiMi, ifiitii-27 




w«tw ^flflrv nfNR-ftltwti «it 4ff3i c^tf ^ wtitrf 

««i >rt¥c»ai »itf wl’f 4ti f*«wr iTiw 
r»!fl« wi •ftci I mKW9 ww f ci c^l «rtfPi^ 

«itff%f tw trtft nvf% 

^ mtm liirr vj-rnr< w <^tiw« 

•iftf <ifj ^<ffi »ic» untM w ^wwi 

itw ^rttifi nt^N nfv « nflfwi «*ttit*!i '•cifll 

•fftn Wiitf i«it *ftw ? 5nw*t 



lai^ fvif^*» I 


t 

9ttm ^ftm min ^ n^mph- ntf^f99 •••wti m 
«•> 1^1 fkftn^ mwf^ Jiiwfn Iwm: >!ff«ttf m wt«tr»ftc« w. «ti 
i!Htll9 H9 mwi ^ ^ <•! *r(lw^ 












2U 


nwi voifH ti «rtfc^Mi wvn I 

TO <lf^t«l ^fV« 41 » 

t«.nt»isii «iti ••ftfti 
•f^tn w«i 4 099 aitw 4irtit«i 

fell Idii t 4| Iff 11 •rtiti WC9 
ntim mw C9U wf^f ^n^*fw tnii* 
ffci ^ «4Cfiti ffaii <rwi iftitw 

TOltl ^ 4Cf C*!lt*l art¥c^ti*c*w4f 

n 1^11 ntftrrr iwtf fii to 

ITfCT 99 0ntfk^ ¥11 ft I 4| 
^titii'i: ^&«.*ftTO «fi 

¥•1 ¥11 TOi; 41 Mrt¥tt^ 

«ji ii< in 11 41^ 4fi¥t^4 crot! 
111.11111% ifcimltf 4W1 fr%n4lii 
lit fl^tc¥ mil 111 4tltl 44 41ttn 
¥C¥ Cltl Clll 4¥11¥ 4 Itfil 

ltfl¥ fCl 4C1 WflCll TOl¥f5ntll¥ 
¥C1I ¥W HtH flf¥t Utl flVl. 
jfiiitcw iwl^twy 11^ I ^i^ir 4¥C¥ 
TO 4Un 4«iit^ lit •itm w n I 

4tltl 411 ¥Kl¥llt4ttl. ircfl%«»n^ 

TO n 41 irmci 4^11 nfiwti 
rifi¥ wititi *vl ¥iw ¥i *iriiyt« 
in If ¥fi wilt ¥ri I 4w 

TO-ftflV ^t.tftfl W If irt. f¥l If 
•ttii mfk ¥ nffi fill 11 \ nlumi 
iwi miitii nii^ ¥tw •ffitcf* if*l 
ititi iitm II1 4f¥i fiiH TOni 
fifti ItlCll 1W1 ¥tl I 

irriieii iftffii fuifci ff fiTO 
«f|| 4111 ¥ fltltl ¥rci¥ffl ¥CT¥ 
¥1 4C<1 4Cltfl 111 I c¥l *t. 41111 
nftci 4lf riff^lfci €411 ClTl Altlffl 
Itcn «nf¥i m n i c¥iiitfi itiw 
cn iti ¥f¥ i?fi nil itn nti 


4fi| 4| irffniti TO le^i 

CTO TO €iwiv ¥ TOfTfV <f% 
irtftlll TONtl ipftl If If fjpw 
4t¥tlf mtmvlll ¥Ct¥i TOfltV «fffl¥ 
itii IlCTi ititm (TO ¥toI PKi I nti 
Irtfll. t«.ltfl C¥W 41^ Irtfll 
CTO iftOT TOItPlC¥ lltwr «• ¥W 
Cllfl TO TO fl¥|% 4¥l lt«l 11111 
TOtTO fill C4I Cll iflTOltl 

Ilf TOlPlI ¥flff incf TOlftf 
TOtf Cltl Wlfl ♦ llll-^^f TO 
imti ¥ trifii niKili ¥i4ii¥tit 
Ifll Itm inil ¥«¥ II ItCl Cl ¥l¥ 
i?fTOf ifiii ifi liffi ftii» 

Wl-imtlt ¥ TOflft% Itllf fCl 
nftroi ftn ¥itl ¥1 TOi 4fff¥ 
itwifini i-ntiii 1 ^ 4111 fitini 
Ilf lift sill 1 

ltl111¥: fS llfftl 4| 4t<tf 
«¥WltttlciTO 4ltfl¥ ¥11 Cini mil; 
in—(1) 0 wm ¥ (fi) *fnt¥ iif«i 

flff mif%—4t Ifflll¥ Wti fIWflfl 

if¥iiii¥ TOifftei ¥tif ititin n I 
c¥ti iti, fi 11 c*!i%c¥i itimi nJt 
CTO 41 tt^rtci «ltft¥ ¥11111 m 
4WW1 ni¥^ itfiifftci ititms 
fnH Iftl fl4ll¥11 CTO mil I 

<¥) 4itir4 mri 41 lit CTO c>rt4! 
TO Cltl 4f%lfC¥l lf.%1 11 in 
trtllci 4111 ¥111 4| TO! 4tff% ift 
CTO ImtlH fll¥ TOtin iftlf^ TO 

iw ifiTO fiifi CTO ftfi iron 
nfiTOt iftiTO tlt$f fit 4| TO 
4it%f 4i0m¥i m lit CTO f Iti 
t4Mt#Clf n<6l fCff fl tRi <tM| TO 



<1^ m n\^ lt<!^ rtct c^ ^nm 

«flf^fi(2«^fli}t iif«ttiR 1^ <iinif^ «fi w, m 

(^ iWli ftw Wt cw fwiflit «r^cniT iHilrf wrt iti «t w 
•w iWCTt%i ^•m win ’l^cii!tftfjw(3w\fli)i 



2n n%9K^ ji?N VI <wtitf 4 ♦ilti VII c*it*t*w 

#itff« fn fwi 1 iftt% • I >• f l-wftpw f«titi « 

V'tln fwwit •« w I i-WfN rtCf i»i c’li ft! imi nn i 

w ^1 ^itfi w wtw w»f%f »ifn^ trffttii w 4ifffti\ 

c«w#f ffn wif <^lrR «fwf ftww *1 «, <il vr nfiwwi 

ff^ m ftffHvtn If. 

MH fif ^ mm itu c^w 

«i«HI fH Vntll VUftl Hi ^ HftfVHItl fit It n* ftl VHftt 
H •wH’tWI *llf flOH InKfl 9II|lf <fflfff fflfl HI VI 

H Vlf VI ITwtH flllVI ’’pTUrf tw WI|*ltH HCWf flifrif H CUT 

5 














‘iff ntw "Tflffti ft« <n—ftw wwfw ••fl n%$km Ir^w 
<ftitm II ^ c«i VI ntm ittfl, ^nf<% ^ircini •mii Vtitt datwi 
cvtiUif «ii vit Iff! nntfn tflrrwwi «i €tf fiv— 
w*! itvi it« I WH *« iTtlti *wn 



•ftric^ mm artiti m iTttti w >iwt%f nfhm 

ntfPw it«, fi fi wlcvi >!Wcff It^rlCT iTft^i m\ fcut 
ifw ^ « «’iln vi- 

«i*ff *fi ^ uti I 

24 i^i mnm iwi u in ci% nwt^ vrt^vutfi. 

nit innwi ntifiw ^'^cw vi vhf^V^ 4irft nm wf ifvrtir 

wm «i nv in niw I ft? i 

^itf ni^i HfliMfffi 1 iWf 0vtm mmm in nn wmi m 

fift^i ft#! m ^ilti nm vcntvi nfic w m 

^ itMinti) ^miiw <tltt ftn 













•«<«ctNciw firci24 

W f «ff« « Wf>f 

'vlff^’trffvi tni fir#i wim <fcf 
w 4i4[T»ti^ •w 4^4«tw •ififiwt «i n\%, 
ftwi €*W1 H5 ftci cutittn 

ifwt iffvcfCYi cKi cn«r 

<rtil fd v,iD<<9i 

*tc< wf«« ftiw «!fic<«f 


twc% w ft»i ••n 
24 fCl| WCT t 

nftin wi»,rtTO 

*iwi< ftw tttf «Tt, ct w nftiftlli 
^r«fi Vfwttc^.dftw iWW, 
c*T^d scl •fir« nt?wi mw «f1 »•! 

nrcii «fi cw 4 ftf» 
wtft ^tc» 

cn *11^1 

f w mnv9 ^K^ I 



44^ fti—«W *iit«c« «u?1i ••! c<ifitc«f »i<if «« cntn ••uriiftit 
itw ^ciif •rft^fiii •jfoti ••! »if*i wi 

Ir—iwi¥iit 1^—dcf 

C41 ft! 4t4ti nn / 

fW If^caif ftd ftftl fC« n%tw 4ftf 

iiii««* 4twi 4i»dtfi ftd «*n!fn« cif *riw»tc< ttwii 

15 4P^1C •* ^1« «tlttlf »r41 

#4^ 4tCT fhf 4ttiH *ft|tC4r 

Hti ^35 «4CiHi T* ’i*'t4tif 11 (S 41 f»« «liT)( 

4« m ltd (4 41 ft*) I <m«i «iW <m<tm n nftwcn w *4 
**tiftf wl^ cwfiti 4itff iitf ^rd* -fti ffti « *fit «Tti< 
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<fc«f «»KfW *ffiwti| fw iww cw ^ * Wtl« 

w^iwtw f«i 2^ wHw TOl 'HfMftH 

>rfrf fii •ni«ii ifwti f*fi ^ci ^itiw fv 

fiiw w fi—cfi *n, cw w ilt^Hr i lt^fl«i cw 'Wlftw* 



Suv fti—••tftv n%Uv9 ifli mm wtitm m ai%fi 

•fiMnnM «wt mKffmm n <•« nn cn^ fifort *itftwf 
^4tlcw ••! I m n f— mm- 

i t^cn^m cmm mm 

cii tit tttn ^ I 

cit4» m frit ntttw mm Ittflw mm Urn t« ct% w ttti tm ctI 
mvm w tw w«ti«f3| ficv im ctit nUfit Ww 

cnumi TO tif« tn tt^it I n^fti mnm to t 

TO«i •TOtW *lt^l VI iTO tTtltt ct vr TO ^ TOf 

mmxm rttw wtti, vIK 24 t4h- vifw wK «i^ •ifiwtit ttiv* in v 











«lWbW»] aa» 


4r^ im «l «mfw mftcv ^wri 
Itftloi <nniit tti I 

iT^ffira viMtcf ^mwi cftitcii 

iR>ii nfv ft«i fti 

mmm wnw fl 
ww\ m ^ «»i^l 

f w • util < 
wirtfti 15 cicf w*i: fw Wiff 
cn*i4{:¥i itfttff mwM 
awtici fci «mtw4\f 

if»m <• faiftl "ffiRH 

« fit 111 

11 It cni'ttfi 
IW ItW ^*111' If^fi itin 

ft! Cltf f Jii1«ffstt 11 Wftf «tlim 
lltKl Wli flfwil »t1 HI <3 
^cwri nflfri HI m«ii itf I citm 
t iftitl HI Hrtl Hf Irtft flH 
lt»l HS| HI 111 «itll •fpl 11 Itfil HCl 
itTH Hicfi »it^ ict inm ^citH 
11 mm itni >f^ir«ifiw ifm m 
CHf^lftll H Hiltm ftfll lWfl> 
HTitimt 1 Hiniifi^ 
iti im Hw «cftHi< mi ii!> mt 

11 fin in wfi HI Iff 1 mtt 
ititrir Mfli ftitci! Iff I 111 
•cicu Irtfli citi if|<i w«i iiiftm 
ion iitfii nfiii^ in mtm icii- 

H?hw! Hii I il iifiirtl m HllfCl 
iflwiii in iti. itn Ifirli ifi 
iwfci 12 1^ mm imr» h <1 
INrttinitiiiici ifcfi I'llfi mi 
Hfit mr in mf^fi m i^tmi 
cm Yit cf in HI 

wNwtifCT mMi%f wffflw 


iti, fi n intii utm 't 

fWiiii ntfn'i ntm 1 in HI fiftn 
m wcm ificitm ntfitir ttwi 
mCici It wnn citirt wi ■» icfi 

•ft m 11 I ItltH 1 IICH 

im imti ii;m ici item ificiwt 
cii»f*f iriHff i{» 11 in «tf •t'lf 
ifllfil'll* ^ci I 

tiw if^t •tifitfii mtwfci 
rnffii ficwi mirci mini hw 
<i|fi mfiifm niTitii mci f^wi 
imifii untf 11 fiifi. ill*! wtf 
ficiiici util miifii 111 my i 
^11 H*fiiT\ f^mii mfv mci iti 

ifi Hi ifti in ircfi Ilf fill 
1 iirmi lit Itjp ici I 

•imimn iitti iit cmnrwci. 
fliji 1 mitf —il il iifml fcilfi* 
citti It^rlci Htfii fimti #it«i 
i^lif mtiif ftiitif citi. 

^ifii'ifii wwf ificn 1 ifiif# 
Men m lr<t|i cici *x^fli1fif 
|ini, l»iti 1 *i<nf<ifli m-mcff 
fiifci fi4fi Hci ifiirt «cm 
HI iflCll 1 fulfil Htiitft itm 
'mtf If (6 n fM)i icf fitflti 
fiimi fiiff* f«m cintn iimi 
nl n« il nftni<i fmfiiif«*f 
Cl citi wtiitii Wi cm« wtfy 
m mn i 

Hffieii ii^ffii fi mm I 
ciw mm finf mnef cm»li i 
Milcm H-tifi ffimt 

m met I fci cftnihi Imfi nm 
fmitm itfi ititny efi^i f Itiflfii 
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ftWi ft»i «l CTfaitvcn cm »illi^ «l 

>wi^ ^ I nifTi«(iii mtiwr Ittttw ft»ifpi» w 

arf^c« iiwi mitwi fifwwi, •«! <«i c^titi-iTt^i 

iiftiw, «rwi w«i»cni nKfi 15 c<fw 30 ««. 



6*1^ f»i—>^—f ^ nr I—cwt^ti «rift nn i 
^ f « f ir—’W"»: nfi»i#*»%»r •i^c^rr <f I «r^ 

>rf-Wff utiviOiW I V f—c<c» mi cft fw fTfti nt i 


f«f«itf»ri <lni Uiit 

m cfH 

Hntftwi c^ts^ «r«i w m* 
ifi «rcit *jfi! '• ^rnm 
•rwti^ ^wfifii *tftitw t*fi ««i 
stvim «i«i 

wm^ «l >r< nfK c<r» ijp »i«iti 
w met m, 

«9« f "mn *i< ^it » 


fttwwf^iftron 
ctt> cfll lifs^ 

ftff m fifw* ftf ff-ffiw. 
fn cfcf ftcfi <lrf fwlff W> 
CfW fHf ff 

fit w ftnw 

wt fft< r wf Hftt 

f ftfftfftl «lf wtcti ^ 
twi 
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t ^wcn frn 

fin <fpri fniwi nwtn cwtw 
fcf» f4«im |«i't ^ «ifn» 

Iff fffif ftflWl Wt«i 
m ^ICTJ fffff Wil Wit 

•fftfwti intHf twi tn 


ctwi ‘ttjt %«’ tilt fCl 

tic« I «•! ifif2<! <wi ww'Vtt tW 
wn ffw €f*i 

tfwi cfitf tifti tw TO 

Cf1 tlfvil^ TO TOr 

«ctn w tiurt tn f w I 




fii«ftjn TOt«*i •ttdfi f^rr^ ’•fsi« 
TOtff f»iwi 

I TOw« f<«tcn 
ffilTO ^t^ti wffi ^» 

r#i wi3i 9^ft, tt<f«i ttftt 

<cn c^fi r«i—f<ww wtm cfrti i’* 
cwMfiftn I t?rTOtin 
«jf« fcf• ftffn ctcf TO ctr» ffti 

frsf CTO nnm ^tl ttTOUTO tt«*R*itw 
'•tt t TOc« cii 11 TO I 
TOltfif ITO lff« flTO f¥|3l 
W, fif TOtlTOi CTO Rwfr 

ifw itfi ftri •rffi I tflw 

1!^ c^fllf f^TOll W^TOW attlPll 
«|fitltl fWit^ TO« TO f3l; TO 'ifTO 

TOi wTOri PiTO cinii witw i (Itoi* 
•11 *iTOi ftTO 1 ffw irffur 

«tl 1 ftro. Httl TOU *72 TOCl ITO 
iftm fficfW ifl)i fitwiTOHi « 
ffw iifi ittri f¥ TOii 
itf^ fsicti TO fin 1 rl f TO^n 
ci%i TO ITOwi cm n l^cwfl 


IWfj# CTO ^fitw nn 

C¥1W wifi IWn >|lt-“4tlTO 

•iiri TO TOi m cintl I 
4icf TOWfi if« Pwli fiiii 
«3fi 0ircn fftrn ci^ cum 
fiwi, TOWfiii lijtfw 

finifu In c^^ HW1 cit! citi 
cfin 11. 11111 finm ‘^ni lu cii 
l^ltll ItciI ciltl TO ill liiN TO 
KiiUi (fit ciii3i Cl ntii cil f 
nmm icm. ci utitn fitrsf iii^ itif 
ntiifi iTOi If «ii f^1 cit w«i 
‘•ti 1 ftTO* ciifcf nifi firs itct«< 
If If—If I 
fni 41 Ilf TOilili 41' fUf Clin TO 
tlf, Httfif 4 ItflWCl lflt< fii 

ffi itftii itif iit« f tcfi film fi*i- 
ni fi« TO^ iw iiti I ^fit fi^rcii 
111 «ficft TO ffiitf m% fn nicti. 
♦trfi «cilff TO TOf TO I tPi— 

flfftflfff 

Rut Mtrtt Aficonit 100 
Apto«* 500 . S«o Paulo. Brasil 
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VCV (fiHI 

•mi itiTw *«ti '• Rwfi* •ffin 
Intfli« n^twf 1^ ^ 
flW fit I ftWfl ^ 

fiwtJii^ 1 m 1^ itf, wi 

Cftl ttlt *lftW lt<»»t«tltl «ftP!l fW 
111 '•ti« ftwfi’ *if«fti itiTci 
itintifi mw ▼!%! ntn I 

lt«-f t^l •It^l 

^tifn i^ti ^tifi !»•! citiiti ?twti 
iticii ^iwi wu cn9 mm itMi 

ftiri Cl. util it<mititi ifiinl 

•mifii f<«rwi iififiti 

fff Inifi itifKjfCfi 

mm *1:1 itnifn 

*«fi« fiwti’ «•!iti 
m niff Ilf 

twfff«tri *«ti '• ftci 

wtitcn f»Hi, «tii ^titcfi men net 
ff| ifwi fm m cin nm ntfi 
«tf ^Wi ftci •Itfl I 

•«ri '• ft«rw’f ^fi iiiTti «tfj| 

c#tfm €ffH vii citi ntcii > 

cpti’Tfii itfii itiitir f«r«f ^fci 
(iifm ifiitti 111 

mi IW #11^ (Ctfssic) 
•rr^iit-ptwffii imtf '• •lift ititi 

«ftf^ mt^iht «ifffn •nitf I 

%ri m fwiN* iftfti let‘M r«l%« 

nm Wfiif fiRnr ffin imt^fiti 
If irititf "nrwff 1 f« <ic« mci i 


^Al (Ini u(f m ficti 

mtWH mm tfi mv msm 
Ifltn ICll ^ Ifltltail 

«ii^ (vtrmi nifv nil 

mi w i»tn fif ciiti 

uiif ttic« «i» 

fivt^ cvtfm fuci'i 

f m ntti met *vri m iNiri' 
nfiifti *iti Awt<?ti mi* nfi^ici citiffti 

mil iifli fic<fi miii 

itipri in«miiiti itirn ftn 

mini mn ntiiir wi mi ntfti \ 
m% fiwi mifli nfiftifm^tci itfw 

fi«mi iitifi nAwii 

ititfii iifif ^i^mtci ntiwi Ilf 
m A«ri itf ftftnti m 
ftni 4111 4fm f^tcf 

ni *?• Ill uti fill in I 

41 fti fftitni itwtifi mitf^i 
tnif nfi^rm nthttcii mn ff|^>i 
ci^wi mi fci 411 cnni w mifrt 
itfititi itiiti fnrticf wiffi fiTi 

fin I 

mu lA. mitf mH mitwi mrm 
f^Wtl flltf ItH lift 111 1! I 

tmm Awn 
¥m 

MMbA. 

•iriiiiff 
15, mil itui 
iAifm-43 





M^wc»niirtn<rrf 

»fi 4». 

«itff >ffn r«!tnf4— 
w 11 *fis»i ff»i « nfifif^ci 

111 I 'll CW Wf ^ 

« iiffl wrwfi wiifcii irw. ciifi 

nit If?ten twi tw€ ttuti c«rci 
ntn I «•! wn wcn-citu ntcni InitF 

itiif *f»1« tent iTi ini PI f •!»« 
fftt iTfUt im 

pi, till ntfn nit f«ctci« 

ifti net net ‘tit*! i tn^Ar* nt fiet 
nfci' ^it nitn^ n** i«n i»i 
nt tfct nfe« u i f^tnit: trnttn 
If ttt wni net -itfn ^njt m» 
ttfi tent nni «tnitn •slit ini pei 
nut I 

n^i tcni Item nitici i? fifnlj 
tniniti tcni tc«ntn 
ntn I ten twiitn tcni itn nt tmii 
wet itittfttfni ttfnct ft ntfp nieni 
pm fifti t ttini entti «l titu«i 
iMitf tnVfrti net nnii citn if net 
ntetJ t?ni ti nnn tt nU?, w 
nttnUfi mnitfn nni ti tni teni 
ti nnn tftten nut.tnn cnnfn citl 
nut I w ttnitenr cic? thrt m 
t%i ntnft tni* «fuit f<f%itti ini 
fn#i ten i ettn ettn «fft v ttfftffl 
entf tri t 5 ftlft ntf tern tci ftn 
6 


nifi nt f«ci ntcii tuff ettn ettn 
tni^i Hf tf 2 fnlieii tn*l tn nt titt 
ntfi ni 1 ntfti tcni nt 

tici ntim ctetf Hfteti ttitni tut i 
ntcti cnt?ti fntt ^tfi pnn titl 
ten* Acitfi «tf m nltfn cnrtt Pitf 
ntfi I 'll iftn« r-ifctf neiT tntPt 
tni r«f ntti, enttn ntt^ni t ntntntn'ii 
111 nit 1? fit! net net twi Im 
fit ft! «fn (net tint nt ntm-tntnj 
iifni fntt til tt-Klt fMi tl 
cn# nttnfni pn fntt itfect ni ntti nett 
ttfn If ti « tnn i«»ni tic«nun 
J 6 I ten ifti ten nttnfn fntfnt lei 
4 in« twtitenl cUp nitti nfn i cnen 
nni tn ten ifi. tni nrptfn tei net t 
tfi-fntttln it! 5 c* tftei nii i 

ntli teni nun fs»inti f«ln fi<« ti • 
tnni: tn ^Jtci tiit tint! tttn nil 
nrltet nittttnin titfi pn fiirn fi*f« ti i 
rni^ii: tcni ti tnn fiftnft ten, tnt 
twi tnti ttiti entt furn fn<t 
fi I 'isi^it; nil tn ten nfi tii nfttUi 
ntle'i nifi tci tti net, tnn ^fttfn 
cnct tHti fittn fi^t fct ttit ten i 
mtni: tin nitti fiitntfn cnetl 
tnn i<*nifii pi i ttl cil t<.nfneni 
wet wtnfnt witii nil tfttfni WftnflHi 
«rpn t niffit nfitfen vi (Hpf fnifw 
f til ficnn wtiiwn i 

n^i wcni lit wuntt*nt?ifn*ln t 







fH I <?rf 

4fiwC4fmn.f mn 
▼•4ti ftitnu^Pi «t 

wm% •itiirt 4IW* mm ntit t 

3vt«f:ii c"rt« fft^ «•! 

dW w «« mm 

«itif, c^fifii c*irr 

ftll nl «rfTI«r*! ^tWt¥'^3T*Cff*l%l 
ft 4titi si%^ nni» 
mwM <t4 sfw ▼wn 

«l»f •(< f«wi f^i’f wi ittri f CT I 

<fjm: 

TWti \ ¥tl1 «tii iwt« «r<4 

firi •ftic^ '• c4tf •i4t<i 

•tfi^tw 4efttifiif mm nriti I 

wRw aff wti mim stitttw 
cKi tttfi nfti« nn c^ 
mmm*s^ i nm\ >if fi’iti «itr»r ftiMtitifti 
^if ^i: i« iffitf 4«il wiffi! itif 
iff nm fftn ftfr fc^ir « 
ftfiftiRMi fcf '•ci. «tfri i#tf 
’itVtltf^ '•W CfW« f*!«l ^ ftf fi I 
cffi cftf cf. ff^cn imtifff ft! 
frcitf fiw fttfft f ^wi ifi 

fi «fn t^ntfcfi fftiff« cir? 

Iff I winfhtfcw Mtf 'fw mnmmi 
€t^«ffwcfi ini Pril fll I Cf ^ftwfiw 
flltf f3l<« n. cn«P!i Itil 

rninPri n« fitfl nifwr f« mii i cftf 
cftf itfti i ^f5|# ^ n^i ffif 
4f^ 1-2 ftitf Wwi iRf ^ntftf in|v i 

wff €fll 

ffmi ^titi i^ntl (cfiffl)-«ii fi 
Cftf Cftf fTfti «itni,;cffIf 3-5 (fiti 
*tf ttfiifi wwf ^f.-ff fTittft cnrf 


ntci t ^fitf fffrtfti mpsw ftfti 

f trwl ttf fw ifN I 

fi^i ffwi ftfftin %f% fiifi 
mw cftn «rfti ff fir» •ttiiti f^iti 
ini Cf tstftiifn f^^fttw 

ffCf ffftiii ni fitf ntci ft, 

cnffnffwi HI Cftf fiiti nif ff«i 
ffti citf ffinftf* cfi ftftft% 

Cftf mti I 

fH ffcii ftf fflf ffffn ff 

f itf ntiftf fff I tfitf I f ttf I nM 

fit flfticfcf ft ftcff ntf n 
cftf 3 fi nfi «rcn cftfi fill ff 
fitf nttii fCf ftftf ntiftf fffftff 

flfti Cf Cf i5f fff Cftf tff nff f rft 
fti ntif I ftfft fwi ftfi Cftf 
fit ff fin ntiftf f fftf flftitftf 
ftffii cfw ‘cftftit* ftftii ftnifiK 
Cftf fii ff fitf ntii. fff ‘ftitftf’ 
ft m fitf ntti ft I 

Cf fff ntf ftnf ftf cnt^ftff 
c-ftf ft ntitfUf «tit« nttf, cnffni 
cfn ftffi nfw cfft ffCf nttf I 
«fff: nn ft ffftf fw fff cftntf 
nfftfti ni ftf nrtii ffiYifs nl 
<iinf ftifi f^f irctfftf ftftnf ntf 
f Cf nffti fcn iff ntlff f\f wm 
fitcn* ftf nf nfflf fftimtffi 

nttf» ftf ntftiff: fi fttff flftifPt 
ftf) «ffii ft ff^ fcfftii cntfI tftf 

•ftif I Cf ffftiffn milftii Cftf ft 

ncffcff nttf. cnffi w fiti 
nftiti mm; fUf »tfw cni mtfkcm frtffi 
fit f nn ftf fit Cfn ntci i 

^ fttfi cf%i mm fftw « fHff 
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fiwf I fN *rrfi ff«il 

«rffit 

5tWI W fCTOI I 

ifitf wnn titc>i 

nftw « nfiWn net *itftti 

W%<l <r#tT«l *11 w ^H1 fll 
Iff wi» t«| itwf cOi 

2300 CW 2700 ffWtumi 
^Kntwm 9if« f ii mci i 
»rt1i irc«!i 

♦Cl li ♦m cic» 

•itci I itii cfii cnci Cl. 

HCH S^tcn Pir«f Hftltfll IW 
tlicn W <lfci I 'll 11 iTfTCH' 

wen itil ^11 ♦ W*ftl 

sSftCii lltn fll W1 ^c*l C’^Cl 
it«n 4V let ittcn itcH 
ni"ntii icf nff Cl cic« itci i ell •(« 

ll|-< flfH %flic»« 111 Itllljllfri 


IW dl f%|ll IJd Wl CKl ^W9l 

ifcii icf ’•fl fat in ftH nunnci cici 
ffw fifH iffiticf ntiin w cmi 
fill ifln fci» 

’ititw wHi «ftt *finri* 

♦ ‘cftftir 5 filti 111 iMtcn <tw 
itfd ltd I cicitn nftiUtwi 
cici '•k If fiw itcit fftfi 
itwi fill !«► nitf* 

iten ft flirflf fcftf I 

fell iti itcn Ilf ftiifti 
llttf sift ficwttl ft CMI1 fIftl I 
ftitii fitntt icn nntf in vn 
cii It, ftn ftn ilf ficf ciCfl 
fci ftfficf if^cf ici »i idrtifi 
♦Cl 11*. Cll fCf fdtfl fllKIfS 

osl f«#|5i flfft 411 ficii fpf cffit 
ftff i 

( ifH ftli tfi fvilM .ifilf. fti fii» 

f«ri1 ) ) 





4^ ^t« (1973) fw 

till 60is ’Itflf 
ifnCW I tl fnil tfltllWl ttni 
iwftt ^{»ri fitTiimcn tt«iici 11 
inf^ ft^jn ififii tini lull's 
i«t«i tcf fVif tii^ tficiii, li* 
il*ii 'nfTfim’ c»'tnniti 

«flflfltH Iftt JS fitil IH 

fci ttif%fii it> stmi ftr«i «ttj 
dcf tti fii <ttti tfsfifi Jiitcii 
tfiii^ci licit icifiwi I 

flfi iicw l'« util lllfifii 3-9 
ttwti^ (1973) »if 
♦uim tficiii 111 c«iii 
nifw ittri fitfiititu ttfci ficii- 

tfci fifit iifufi !«:•! Ctif n€t 
tflCllCll ^6citll ICM tltl lit 
Hii^ Iftii itili ^fi^citi*?^ tficii 
ttw ttKit iftfti iitn 

fVifiiticii iltii «iti ii>, 

fitiitlt fiW fiwtsTt « licit sfi- 

fifni* nit iitii iTitu fsfi 
iciwj^Stnct finti i^cicn itfiif 
tfiiiii tl fi'Jliift ict ( ti ttci 
1966 itW 4ltCl tlHltl tfitlfl 
fufiwJ cutw ttrlif ififu iw 
citf nit nititi tiiti 6n f cifii i 
titi lit ^iit itit #fi ititii> 

nici cii cicf nfij i?tfti t f 1- 
nncn mil inic» fi«tiitf« 


iiti ttttfi tt»ti I fifSi ic«i». 
tctiffe ItfCll lUtCll ttf Itt T 
fiffiii iTin* i<t« ^citi. Ill 1 
itii^cn 9*cnit I tti <1 nitfi 
net ici tinilcsfi 1^1 fcf tfici 
ici 'in 1111 ifiw firs 

fCl I 

titi liti tfii'?! *11 f‘citi« 

Itlfl IfCll 1*? istlfl ill 41 tllfl 
•Iti iti iciif r»fi icn— 

ttifcii iittifi iitisfci mtcfili 
cftilti tittff?!! tici tti cnilti 
ICl, t! flbtl flCl 1C1 tlltClf flCtl 

ficf trfici I ircil tiitcii ciwi 

itffi It ti ii4i 11, iT^< 
ttitcii fiti iificil tilt ifit) 

r«fi nfi€ icii—cicii 

iftcf iitfft tict <ci (iMMffi 
tici sti mfifiH ni 41 tcf 
fiwt^lciil trtficiti net ici tfifti 

’Itirif 11 4 flit! ICl t 

fifi icii—nilini n tcitilN* 
Fin«cii i^nt tcit cicfci» I'lrti 
m 4f-i*f iTitnfift till tfilti 

ClCl ten ITl-iri^ Itl ft! cii ictFi— 
fitriiiti titl tttficifei t 
ffi ftifitrutftit Ivti wi t 
itiiin ^iti nfntci n fi * 

• fk nStnlf ctfijfrti cfti fift 
fifntH9 





<1 mi9 imrt« c^nn ttfiiffw 

W f3| I TO *5ltV« fl-^ f»li, V! 

TOt^ *111 f«} iri TO# 
f#f TO TOttft ffwt^^on sitai *nt»r 

#C7« CftJ <in:#F #i|ait^fTOt 41#^ 

a^^ClTO! ^tt5fl #tCfl TOl 
TO CUfrt at, c#tc^ #t« atiw 
Slt«t« I faerw* t*lf aitWtTO* 
tific# #1 TOltl «ri#H fca ai J 
#fWtl* fa«f4^ #t #ic# #tct ai I 
If! »r#tnf#i srtcn n« 

faf-tl f4iit41c»t "ffifc* eta I fa«t4 
»»ttut n-rrtf ®|i ti^ti 
»ltf*»fairi i 4tfC«l tiftct^ca fat**! 
tfc# <ril JMftwa, i fi fwa TOiflfa- 
ttcai <i»f. tw a^•t«^. cTOfl®#! 
titat*! t|tfi|, Haiti fit. CiCtl- 

tiiJiffffli sti cTOfti citaft 

c»caf caw, c»atu#i I. «. 

#tct!i tfatt 4it. #. #tr#t. iit<ra ai- 
vtfii tfiittcii titita# fa. c«u», 
tttna# il’^aiacit, ^itwi #titaf 
#tfa TOafa^ri i afiftai fa. 

afaa . iftatcaf tiaita# !». vlitai» 
l^ciw #a. n'l- aia-ilftii atatiHifi ®#« 
i% t# ca*., awtfaati c#. caw# *<\ 
#a. ififatta ; catajti«f tftHaf #w 
facfiiaf# » »atfatli ait- caita . ’idcai 
catcaa ijiatafiwft ata ## cailtt, 
fw itwa* 

fjvinit tta tifaita Mfaitaa, •!« 
(If. ft. faacffti 4*^ <«arvi artwi« 
cat^^ itlaili aifanafaPfita #a. ’•a. 
aMiTOi ( 

«fi ail frota fU^cai aifafufa- 


caaa taaw ?awtPi# aaatf# « faiifa 
aUftin iiijJ ntntaa #11 TO 

ate# I aiitf# #ti a»f#»a acl fa 1 #w 
■aitf a«wi laati 4(»a-fa"t!J#afi utaatf# 
acifiac aa #facaaR 
^cataa #cia caarti afftett f^«ta « 
ttlTvfiWffiai# fa. iiaata J 

> fta fitara fliuai ftuta afiacti 
^tca ‘in^i #titi fa#rt«»fi* a^at# 
'talS iitcafsai-a^i 11 fiif^itaen aitaw 
ai^ 4*iw I #tcaffcati a^tafii #ita 
tati*ti fiafiiiawi «atta faattai aitia 

»li iwasw f i‘3i «i^ af^t aiJirfta, 
fi. ;#. atitf. ^^ata caa# ##1^ ai^a 
€#i #:ia I if>i fi«ra aftaa # ftfii 
aa-aftati aftica al^ai siati waatatacai 
•tci riwfiai #ai «»twi ca arita 
wc»» •*! it^ai #;i'irif# #ciacaa#i #li 
aijaata utai naia #tia—aaa fta 
^1 #taca, aaa finta a^cacai fif»i 
arati #itiiff iti^i #tatf fafa# 
# adi fCi; aaiaf# #t*ii fa^c# 
*®tic# #ff«. $it«fi# laticai <»af#’ 
tifiaraa ati #wa 1 

. falti fla m4i% 4li #|fitil caca 
fi«ta #H€cai cawtU faf^i atafi 
^a# *faf atfawaa 1 # at 1 aiata fif#a 
atan aru aatafaa atw. 4ni ttaa— 
#: fa. c#. #tw#fi (attafiii), iifjta# 
^ti. fa. af^i (latia i #ajta# uta. 
f^. flat (afi»). #>1 #a. artfata. 
{afiawjta ), ®a> taa. afawa (fcata 
a f#1)» aiaita# ai#itali an (trit- 
fiH >» #ti neat# call (cffafiu # 

-•f), i»li wtafilf c#Ka# (W • 
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). fH, '•ifft < f>f^*n 
« ), «li mn. cir. f5ni»itiit*ti 

(fftfiiiff), cf. ijwwvri 

(ititwf). U. f^ti ( vm^ « 

Pfm-ftwM > •%« fw. iiti. 

< nw ^ «tifwi) I 

fff«i -fttti >r»t*ir#i «rt«i iw 
^IWtMI-Wf. nt«ftnii ntJ fWft»! fOlf “ 
f^4 «ii fif«f nt^tf fciflS 

f»cn« fim f•! twff^ f »rfi 

cni&m. ’iwrt’tf r«. ^mnf 

f«. ^15. f». rwiii*r, vti 

'fii. cf. rt. cf. ft. 

1^*^. fn. 

’iwHf fn. -«•!. 

n% iti. iinjinf «f. fn. 

'<1. *1. *iff3i, ^(nrnf 
ft. 4*1. ^<tiin¥ ft. c¥. 

cw. »lfl nif. ft». 

vtRH, ^njtnf^<iTt»f¥ «itf. 
<ri5 fWfl cfi? I 

«lfi Mil ftl^ft^* « '•Cft*!* 
#tifftfti ftiit4\ ftfw ftici ici#l5 
«tf«f 11 wifm 1^11 ftti <fn?i I 
«! Ml *TlCiCl Utl^ll « Wlftrt Ill’ll 

M citrm Ilftiftift fti 1 # cntlrcii i 
‘ftwtcft nwn’ «r»!tw fift 

lClt« ItCftlll f Cll I ItWtWl IffCW 
flft iCfl—WtWrt ftil flfCii |:f‘ 
ftHl fill UtMtflti fftlfH 11^ 
Ittfflf f^Cfl 99 Iffltll ICf tw 
ft«tMl Cftlllltn fClf, ’iTllftfilf 
1 f{fF fKfjIt iftticftfl 

<1 1 icif » 11 ^ Itfltf ’ft! 
njffi iti f| mt9 itf 11 mi 11 1 


ftimfi «wtf ftol Mfn id ft ftiw 
ftii MI ftwtwi fiMtfti fiaitfwl 
^ifll ftf CW ftltl fid Iff, ftwtatf 
Ml 0lWkWt§ ftff Hdl fn ICl 
•rtci. ffi ft«rcfi 1 ffti ftfi m 
1«111 Tlft^l Cftf W diltn 
wrifti Kid, Iff il •tf»<i ff«i 
cni Icici «\%ftifcf 1 fftiii ftf fftiti 
mi ftfi r fitftcfi wtiifi 1 fti fic# 
iftm wtf fftiicn fcf fitiii ift 
trifti 4\f«iiti ftfttii ftft. 11 fwf 
ift ill ifitcfi i^itu iifi ilficittn 
If ifti ici itie iftf •tfitl 11' 
ftf ffc# itftcfi f«if «tf ^ficii 
ftim I wftcf 1 il fd «f 

tdi 1 f ijfti I 

ft! CfiSfl itfi fflltflfl 
fwilff fiiflitf itwW, ®ti ^fiii 
ft, ill ft. Cf. cifift 1 ifiHf ft- 1 * 
Cl<ll, ill Cftffftf ^11 fcifd Cftflf* 
I’yii ftciftcff I fill ft»tf ftt«Cfl 
ill fill itif *iff <nf« inicf 
Iflt Cff f'ti If. If- fftlftf*. 

Itlf ifpii Cff ill If. ft. itl»\f?, 
w ilftf ftftf citiftl itif iT»> 
Cff ill If. fiti- If. lUiftf 11^ ‘c«1d» 
ffn’ f-fc# Iff Ilftf i1cw» If *itif 
l<f 11 ftciftcff ill ft. ft. iftti < 
If-ftitn icf ftdf fl^i fTMi 
fil 11 4ft ItCl ill If. ftwff Itff. 
m l^fftfl ICtHtfJtl fd ftcif Mpii 
Cff I ft«tf m«fi ft«tf 1 

^•ft^ftf tiff fftdi itirpr •ftfirf i 
ffiftftn ffffifi’f-^ ftdi fttdtffti 
fllltfii 





nfnh « 

1 fws» f|5i 
’^nntfw ?rwi srtufwf’i 
sf^f ni nhfkfkm 

TO fcif ffsi n%m 
tiilfw ^tnfw« fii fii 
$tirf4t ftwf ^rti nflif-it 
f^n n%i it»{<nft3i « itc’^ 

*!%« ftwi fii\f fwsi >i^itf salTO* 
TOtfi itHii cf. 

fn. •ifi5t«pri 'irfifi 

•!lll*l’ IWW <«fl8 ftltfU ^fJ-3IT^T 
*!f«CW VCMI 

M%9\] fwcfi it^lii ‘^Isnt^’ ^fli- 
•ifiiw few I 
f»Rti '4^ Tfinw 

I ffcs^ nt*t4 fw- 
r^irfen ita-itilit ^11 ♦ cf^ff- 
5itn <4f2 r^ftitfltcw »ifein 

iwtMJi few I 


4rf« 4TOf f i 4m% Kii<4! nt^ 

<rf, litf '• 

fnW «4WI ftMJ TOCf <• 

TOt*{ «t1 fC14 I 

44n« f«TO 

*?t<itM 4^fl 1975 »|twf fCf 

^f{ n«aff^f\ flf 11^41 

«?^t*tt4TttW f«rt ffl CftMl 

fii wi UmtA f^c^rw 63 new 
Ifnten 4f•« 

ft*J |1 fW4 I 4f C4tf1tl ^^TOI 
«f5f4ffii <rf H f c«4 { 

4>«fcii ffffinw 4f m ntni 
fnf^it^cti « it41 fi^flfSt^tpr 

fifti, 41tC^4 ^4%*! «tl4t f 

TO >141 Httflf^lci 4 f«iei TO* 
rtw4, ffri 4itni >4fi|f infwtii 
^rtfi ^tffifii 4 ntrnn'it>TW 
C'lt^ltl 41 ! 



»nrrw-f?»tCT 

fuff* 


c<fc^ ¥if«fi( wf Ni fm wi ^rwfvnf 1 
ijficvi w\^ I ^iifc€i f^fii sfcffn^ 

^ifsi! Tm ntci <fc?tir 41 i Pfirt fSrci 

if^cw nf rl mnw I 

ftw <fPtc^i >5»t 

nNtfii'f trcftif^ citflf ifiiitf 

wfcn ftt-ff 

ftt-ri wffnf*| if^tfi c^rtiftr® 
Hlt«i I cft^ iflffn Htw fi>i 

ntcf fic'ei 
tm ffcii^ff^ci fc»ii 
Cftl fic»l ?-ftC'« «(C1 

cf|5»tn »ttc«i, «ti fcm iifcf f 
«t«wi uHch 

•tjcitn nr«it ’iti \ '•^fSi'stc’^ ^c«f 

efts'll >intfnf flcitift cttcfl >?l 

« f Cl ittTO f 

fiiiti « iRc«f 

H’lti ftf Cl « iMcii •fwTiT.ftBM, 

€fff^ f^n irfirn ifitcir 
tif^iti wii iBf-fi'li 
flwtcil ’iffltln 'itltCfl «WtW‘ 
^ICl ^ 11% 1C1 tf CIW I 

riV« fi«ti itfi >nti ft«tci€ ifim 
icil mitif ciici nfw iMi fiwti, 

is»wf iTfRi f<ii ifir«f ifitwi w 
%cni«rci w ici tcJci I iii*-ri«rcii 


f^ltcl iftcif UtlN I'ltl 
▼'fi ^fi 4 ifci iifciti^n ficn t 

«cftif wi uHf I 
ciwi-itfifr* %ii, fifti ^^*rf mvi 
\nj rs»<fii, ir^ri ten 

IJfll. wfi^l «it9 ttifU 
iirci ici c«wr 5 i, tfitcfi 
« ^ti^cti ficif»tc’t 

itftir ¥51 i 

41^1 «! ir¥ f itftiii: 

cf«<i itf V in'! 

US ClS ICf I fit'B ¥1 Iff 

Wffts 4 icn¥tf I ¥SC¥ 4 ¥¥ 

«rf¥ 115 «fC*l¥tf i ¥1 If ¥ <f|f¥¥ ¥t¥ 

ci% 111 sffftf ¥fc«i 

4f If %rff 1%« ¥Cf ftf Iff 115, ajlfl 

rffSrcifcii 115 . stfiffi furt cififcii 

’ltff¥| ITf N ¥tiC1 «ft¥¥ ¥t¥ ¥C1 lH I 

¥1¥ €W Itll—:f% ¥flci fCl ¥11 

^lltw 11 ¥11 ICt r «ftf%¥ fVcilCll 
ititcff sfriii ift¥ ntfi, tintfi #ifi¥ 
ftirci ^nii ¥11 4 ¥^ ^iff 111 
¥tltCfl ¥tfi¥ ¥t¥ ltc¥ It « W! ¥% 
1 C¥ lfC¥ I ¥m ¥Cf CICM 1 itVfCll 

cfc¥ nrci, itc^ cif^ in ci^ ici i ffi 
¥r%¥ in tf tlltn 11 ¥1C1 fCl I 
mfilii f^c«fcii im i<imi ¥i¥i 
W¥ fiwcil irwtti utm m iti i 

• n%» ¥c*ifr, 25/3 it^Ni 

Ilf ^ti cm, ¥%¥m'l 9 





91*^9111 era rat« 

rai, m ran 

im m«« i|flrti4Mrt rail wtni 
wtft firftra Iff itrac^K^ <f^ 
fwf mw • Mira wfun » 

ra ramiti ra fii nrra w 

^ftf itra <rara ^fil tii ra fi. 
W W wit fl 1 Itl If fl I itcil 
cff! ftc*f fiiftf V rat«»« <pri»^ftf 
tf f< raw ipfij '«fi ra f«ra 
ill n nfifti flifff «tra *iri *f«c»w 
ra I ^fif tntif ’itfit >•1 *idf 

fram era •itfi i lifli ra ^i^-tra 

( Lineir pro|raaiinin)() ratCfJ ffCM 

f’ira^w n^ff 1 *im rs!<i itci ntfi I 
fjfra rat *fffra titfit 
fmnwff wmcra ^^ftw 
( Combioatorial method ) «ltfffl Clli! 

ft! I artfji im iMfli itw 

•1 flin (Quality control ) Hfi 
^ilf ran mill era nrci i 
cMifratmi iifrai fafai amrf «ira 
ntfII cfra *1111 cra^i^fn, 
nira fin fm cwn nt*!! 

^ 1 itCfl aiflPlffl fatniii 

ww ran nftn^fxm ntitfr frti 
ftfir I fCl Pi^tra fnmn ftcwi 

wi mm mtJt nra fiw imr^afi^ 
ram rai n cran ra i nlnfi fi^ira 
faflw ram 41. ra. '11 ra fn-ci• 
citdi rai firai rar fin nrai 
firai inft raw It <fw mra i«^ 
fintf ra mn era I ^f tunra m 
iti ifm rat CTtf itnra eitl 4i. ra 
n-i iwn Hwra ici wwi ra- 


rartcit racf ran fiw if^ rai 

ran 41. 41* 4Hi dttli i^m itut 
ra { 4l«rci fifii iictm 4i. n i-i 
eitcN iwifKt lit lift wwm 
41. fi.-cn citdi i^ra fi* i«tn 
4if iracicitir iitf*fir«f cijlftcn 
4| mfifif iifii itfici 4titCfi itlifi 
iMtraui cim iic'rciii ci^ fi<mi 
ifw^f itii fi^mi 11 1 

citiimn iiti irmircii if 
wii^m ifii « itcn^itwi tfii ifiiii 
l^nimifirci 4rcitMi m imti« 

lltlltCli It'll 41® f«f<l 111 41« 
cntfimn ifn fiw itiw. 'iflii icn 
nil imicra ifiim 3t m 4fi ifti 
fiw, fim, iti*i ciffI'in itcf 
ratif c4®d 4 imitra Ivntti itti 
iitii Clot'll inintii I'f raitti 
ifnci ttnrera itf*rir«istti 

fiiimitf imnm cut cnn itmn» 
ff|-fl«ttn ICll llfi 4 nfintll 
raimw It® 4 f^wi It* l«m®i 
cfiifrti imitra 4111 411 nci 

tcicii ijfiiKif imimitli r«rcf 141 

Citl CltH'lM ^fi4 4«it« 4t« Im^i 
‘cfirai 4111 ral! 4111C4 I 

cttii rrai rati cifinnt'ifinnm 

c<cfl cftn 4ti1i 
ifiWfl Itltclt ifll III flf4« 44tl 
(Sll, fit, fri4, 4ft41 Cf4, rai Cf4 
4ffl men 4t« 'I 4414lll Cl^Cltril' 
niim* 4ti4i. cimimn 4frn 
ftiw ficwj fit fii 
nt^f im«ii e4W rainjlii* iifa 
rail urara iim lit era itcii 
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cft4 •fwcftii 

fti'W %fvi «rfi w%h OT 

•fttit ^ *!fiw4tw n%!«i *rtfttti 
fnn^i fii f«w-li«ti. iiwi^ 
cm ^fif«*i ir»f»i rnttrowi 

fii»n w m I oil 

TOii ntftwj ntfnf^w n%fm^ *i*tC 
«wn fttiwi m J 
^5T-nfifi«n f^fiwjti 

^i#rf%¥ ftutuftfiF f^iwi 

ff*!#! m» c^ts^ 
•ifiW^rn cm 4tc«p, 

m tnrcf fn wtii 

«Wf CTC^l 

ifii, ?friil, «itcw^ ifif ft*, 

mcitwi 'Sif f«C¥ ficm 

€f¥t«f WW41 f^f%f 

’ttft '• ntiTtmti 
n4 fi<l I flfai C»f«IClClW C’fwti 
filirwti itffi •nfi 

cwm fti—^tm'fti mw nmw 
^awtm 4m nv9 oimcw 

'ifkmUi *tflf>r» wmt^wf 
nt^w -rtlwti otk 

%*rtfi f<’4|H « <mm 1% ^ 

Vitntiwt nU\ im n?>fw fitt 
fticwrw 4twn 

nmtlw 4cn^\ •fti cifr»iftii«1m 
«rtf«»fN »nt^fif nm% 

««i^cm ntfinr «»t*f wow i 
4C1I irf«i 4wt^ 

t«tf 4Cil 


tif« wtitt f i » it4Pi flt*t ififmfi 

INrti 

tf 1 lilm nm wmm 

tmtiv met 

f^¥iw mm emm ftmitcii 4 » t^ < 
wm miMcn w»nl wwi cwiti 
^vfti cm m, irtili ^wi, 
•iWiirv *w?Pi «fww fisiw *niPi mwTw 
>!Wwf men wfin m <t»rci^ct» 
wt^ •ififfwtf m w«w 
ftmirrcii iftftwrf^tow w 

^ I Cl«|i>t1, Vlf '• 

*r#ti wtTi nfim'rtai- 
mi f^iiw w I ci»i«ci wirf*»4ti vfmp- 
^tt^r ^cn <cit<f f 11 cic« ntti \ 
c|si ^it*n-it«ti mi wtcfi 

«!fim, 'etwi 

nfiiti Huff fcn mftcff %fmimn 

cfi fn m I itf^ti f 

cicm-^rf^m, fill, w ciw ^iiti 
T-fn ft»w util« df wti 
^•jtff »ri>fwtr» fl<i fiftf m 
wMIri «Tff tl fH fCl f tt¥ I 
mi ff. *lft«ftl cvtif 
ifufH m vw m t 
f tilt Hi fw m ftwf miw 111 n i 
•fw cff»rcfi •titd 0* wtw, nwf Hu 
df ft«n (Hi c*if*!di mm cftitti^ m 
cfW ltd I c^fi m ftnrii 

fHi f!tt ftr» ntidi nit» cfTf 
^fdi cm0 ntw^ idn 

ffUffl^ClU 

IlfHiiHtcv citt M 0 immi 
•itfji c*wai wHr tew trtift wh tti 
^wi. et^w ftwi wtti fif 
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g r iTKti f i «i firci 
f«if a< iftnf fWSi ftftw, 

nfptf wmn mw «ifi fvw 

cirtiti IHwr, ^fC^l fIfH 't 

^wti >il*t tci nc<it#c<fiCT 

^iRWi «Ht mUmc9 

rfci i^ftn 

c^ fipwi ^ w ctI « 

HI* '4lt fw iHl f«t«, iif-^wf 
fttflfrll wiv cw *nfiin vt<f#i 
TOIl wf^1% Wf 
^«ti cw sw I c^ m« pfftf nif«w 

cw wt 

twc« w <»tsi f <n CJ»i| I 

Tnfri fwf '•’ill jfWfwf 

^•1 ^rci I itfip 3 ^ iiti lnift(*i»i 
pw f«l ^iftcfi ftftfi ft?r< 
<3fli ntpr«i«fw 
ftftfi ¥Cf cfi:» nttii fittUfi cfwi 
f^fff cfftf ^>1 w<» 

(Hfi w, W cffiw ipwi. f4i'»Jit 
«t\ntft %fk «ftf ctttw 

tl Ctl« *11111 

tffwt ttctlw 

iCybernetkt) ftlt f^vtCfi 

tftClCtl C¥tt fiWt W (Inforoiatioft) 
fCl i1tc«l fCii fmtf 
W ^iftf^ll •it«fi ftll ^ 

ftCHl flUti fl3Fl 

ftw w m vHk «nt wttm ^fttti 
I tii itti, fttfii fiti ^fii f^i« 
flMntl ttffW «1 «!5»1 ttt# • « 
^ttictr <nHi^ t-nmt wfffi 
tit ctrttetH<Qf^ totci 

tvtitfif « mt nttftct 


tf vcff #w ^ 

ntiif I 

fft|farf opcit if^wi nffft 

m ^tf-ffcfi ^ Ctrl' w» fcf 
l^lfl ft tit If CWlI t%«l IRttf 
itti» x% ttff ttc* litutn ftirw, 
ft tif »f^ttii.tfiircf i niiti ctVcttPw 
fi^n nfftil tftnpii ftf! lirtff 
If ctc«> fni*iti tft« itt«i ffcti 
tcf ttfti c«i\fi t fitft«ft ffctittri 
I ittittcff cti!( trci 
ivwi ttttt tftiif, cffftii tet'ctt 11 

itli iwtt. tti fittn wfifcit 

p|i|'t ttfift^P ftfltCff flit cil?i tt 
^ti ft tftcft f«tci ttnct tn^ 
cil f<iffi nt| tfci PCI tt tftwt 
cttf r^tf ftifi'Rn^^ ttitf tc# 
ifftf tdf iici|| c«t^ct 

ffCt l^tf ttfiftt ftitfl wtiftft 
tffiff tcfi itftH cttt tapiPPi 
Cthttfit t'l’IH l^fttCf fCt iifttci 
PPIIff itCItt tfCl PCI ftl 
foit fft'i ft Ilf f [^f fff f4<| t 
likf tfitft ff<cf iWf m% Rfi ff<« 
*ttl fftt ttCt I fllttfif tffCtf itttv 

tifI tfjfff fCH III Rftl fit Iff III 

mUftftf ttm m\U Ifttttii tct 
Wf c«fi ii4 till f^r«i cfcif 
fJlfn iicfi tt(i-ticif i«; tiw 
ifti *m lift ftf fill «»rf fit cipi 

tnii Rfti cftti Ifntt 

fitcitffi fiw «i| tti-tirfuifiictt 
ftii ff<i net mi tin itif® €ti?ti 
tlf Wtf PPM ttfiftf tif^ iprt 
ttttir fiMi till ttfttt 





fwi fttapitl fit 120 fH <ikl 
>C1« ^1 Cftfft fil 

#11 WitWtu wtmhm 

#ti «tm Pwtfiif# 

#t ¥ci f^w, nnHt 
^wc*Mc^ •lUijiti nti- 

ffWl 111 WfWCl WffWl 
*!t*Cf iwtii w fClCt# I 

ftfw irt#tiif 
^iFi # fit fti/ ^ twicf 
#tf#ll tutfit #11 ft t 

itcfi fifit utij ^4 #11 If \ itf;if 
iti* #1 fit«ri #i< 1C4 itfi # 

fif^i% #ii Ilf n; fVi f« ttiwcf 
flCll# IlCfTl fffti ItffF fffftf Hi 
Wfi ftfi ttrin ftii > If 
wfttf fcfi tfiKi t<fi « i#r#*^5 
«i<c# ift# fwfif f:i fii ic*ii I I'ficit 
fcfj 111 iftififii ittitm nif 
Wll ftftfl « #f^>^Cf« 

oltf #fli fftf ttfit ITiftf mil 
cl# I ttfi fif ftn nifiti ffttf^fn- 
ifti 310, Ifn^n f|# 64o:xi I 

mi# fell w4 #ffff tf^i f|c#r« 
«#M ♦« CfC# ItCfl 4ftAf 
mifti ti#! ##^ sill iritfj #tt# 
iifiri# iific# #ti w mm I 

ffCllMl c#w# itl^## 
nifif imm #ii m ftt#i fjt« 
w iitf tm#, ificfw nvf fi^ 
fHH<N #•!# fV, m« #ICT# 
tfwf ir^t#! itittn itfifi# titfitt 
nfH #« in ifi#i 
#ffm r>nficf• fVmw wRi #ci» 
1w oireKtf itfifw# n mat i 


iftii itftf C9m «f 1 «i< 
fWT *w# Mw c#wt mWi# 
ftnw w ftt 111# I €#t# cf^ 
iftm #ii# ci^ cf#f cm# nicf. 

•«#ii ff«i tVft nfiwM #iftf 11 cf^ 
iftjif #11# wti #ff% irfrf #ci<#ci 
#ti an #1 ft I fifl# cftcf f 

Cl fi ft, mff c#w «fft#i 
mfi# irfi. fimi # 4<ic#ii 

ifiwicti itff fifiifii lift# ffirwf 
c#c« fffi iftft# dci fit mPiTf# 
ffWICfi Itfllfl #1 lliflfCf #11 W 1 
f^#t « fflCfi C#C«f iffCllUftf 

if# cin# it«ii in I fffif cfc-rt 
f^#ti tm #cf mi it miicwi 

cfffi #1^ #cfff# wfi*l f^i inw 
nftfifi Bill #ici ntff I itlfi 
i^ircii cm #r<mit4rfi Ilf# cf% 
ffl< # fSii # fw fit if 1 mitt mfi 
C#tl Itl # fff ffiCt 7J 

cBc# ^<ci<tci #rc##l#i It# fwl 
ftcfsn #w ftTfi #t{il cffi 111#, 
nielli ffcii c#tf If# cil I «i 
c#f#i fi #df ffti %ni # till cfifti 
•fiflii •ml fififf ffi m##f4cf ff#i 
#cii nlHwiint# ##li ffpfi <m 
•ffif» #fw fiflw fifci fifiri fittm 
id# n^itf #« Iff t wtt9 cfif "rlfiti 
If Ilf c€c# #« fmcffvrfcvi 
It# fKi #11 fit nit#n ##«■ nft> 
mfiW# fi i*f cm rnitw ##iw •rilmi 
m#t« #•# I 

l#«f -ifiwrii#! <m# 

##tft# f^wnii flfw liti#ir# nwv 
#i«ii i #f%f Hfii mt #11 





M ^ w inctr ij%t w 
ftcvi, itnf^ jftwfi »icf •dfivn ffini 
cw w, nil wtw ^ftiv 

Ml iwt» «rtf« I wifi 

««i nfmfti wi itfrnii feiftit 

•wrWtlT WflltHfl 
ft, ^Cif iCitlfi, iTifti, 

«r|fii w ififii itfi, ffii 
aifii m ciii iiwt, II fCl « 

JifrflFiittf iffti lit! 
ii iifi wfiii iin fit iiitiff 
liitu «if%f cfci fin 1 iwi* 
r^wfii liwn eici if*rcii if 
ciWi f fill icicf I 


iim« ^ cfiti w 

litf*rffii |if*n «fff^ 

Wf-f^»fnri *ri iftttit iffttn nfti 
«TW I nm-fNitwi 1lf%f If fiWiW 
Iff^li Itit 1 ^ttiflf llf^l «S 115 Wlt 
iifct I fHfitf ii itw <if*n iftifi 
w ificiri ititfif wfoti iti itwrt 
itiCi fci nw ff{5H if^ici 11 11 

fCf Iflftltf ^ICf icn Cllf fl- 
icitwi itirtftci il imtflf ffifi 
fn ftwitti 111! fill, nfii“ 
t*ci it i?i«cffif wn 

icm itfci—ifiifiit iticfi ftci 
Wi, ^ncitf ^ itfiti iti 

tki I 




Cl'lf 

* 

Cffl m lCi|l. • 

fWtiftcii CfCPRl^ • 

tWii Wiiwcfiicf 

Plftl itwi iff! iffU Itll 111 
ifiWi •ti-f%wtwi fn itifW^^ 
mPR, cifji. witf ♦!» ifTi Wilt 
fiUHWWffH Wttf irtffWWtfl 
nfii, Iliiti, ffinfi lirtli iwft 
fWtiiitnwitittit iiti,tffiff% 
vHii-fiwif mwm tiitii. ici 


tfi tl Sffl iflif 15/2, 

cf lit, f riftiM2 
, fi!< Itfi fiitli tit*!, 5/U, 

f Cil cv, iflf fi1-9 

• 1 ^ m 

, „ l-*!l«1. 122/f. nltl f»fff 

(ft®, f rif tii*3o 

ft n< irwiMH fl«!cn ftfft 

4f| ftifitcf ffiil tfici llftci Tlftfi 
ticiifirii fft itliJ fWft dta 
wif^ifiu Ifiiiil iltti iti ffliicii 
wtif fftiwitii n'ffif rtiicii 

ilftiif ci i^ii tirtflwfi nfttti 
itww, lift iftciPii « nil nn it 
iftci tlw itiii 
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¥Cffll vrttf 

V^wfar wfii ^cn 

fWnwi n«c<lCTi lyf ln imw « 
Wr rcii wiiiTO 
flitnr xwtm «Vi-«fw 
Hrrff ftfififij wwi« wttti 

ilittti •fifM,'# cifwtJi ^wr fn 
iffltCll CIR *fWi *Ttfm pin 
c?^ cf^ Pf w "iiPi ft ft ff 
»iww »w ^tcf •—ipi 

tif 

mtfH MW w ^iwji, » «<fPi 

Wifff tRi aw«tf I rntitfi fjifih 
Un «rTO« ntitf 1 w 

wtiF niff ntl j 

cuftnU ftPiftiw ftrf4\'cw fw 
ftfRtf fwi* tificf nfftffnf fifitw I 


fkvmtn wttx ^ f*f ftf^tii m 

flft»4ftlwnwr<irtf 

tmin ntfe ftniw WifN ^Inti mt 

fHtnii 

INrt^wi cMinwfn* ^ ncnwinf 
^nnnfiwi ftitftif ftfti 

wriififnflPilfttfti 

f^rltffntf ftmi ^it wr cmh 
nw Hfl flitu—|nt« Ritniw imcti 
tiniwi nth ftntw tfw ntw i 

tPn ffn ft! nf5 nw’^tn lien, 
itnii tgn nwtff• ilin fjif«fiw 
|ti nrif I new• cfw fn nti «tcitn 
m ihtci I cnnfn n^wtff« ft ii f wt ? i 
ff. fiffw* ^»i ftnnfn <$m nifffi^i 
^nntfnf n fw ennt ttfil tlitim i 

ft 


•Pi«twi Iffitn iitniti ftntif 4i wnft^ itPwWf 

i^ti w fitlif ilf \ r#f '•till nwj Miwn fin cftill ? 
Piftittl fit ntH nPntw cni ntn tnti fnnilct ilti 
w cttnl tHffi nttfal, ftnftnitn iftnftnl 
ftitin nil, ftil fiif*w tHii ftfnttn i Pintw 
til twin ni^ftnti ntt, tf ii Prttnt ««wif ctwPw 
lilt ntn nt» ftitt tfitf tfNtfii w iw iln w 
lift cn\ti ititlitii. ctin cni lit nftttnfni fiMi 

y fpret ltd I ttifl ftitwi il|fn, mt nit ftittff 
fit 111 I* 


ftftn f nfhff (1917) 
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tcircf t»^¥ ’9m h STr« . Vi*n Je Graaff) »*» 


FTOtC^Jl ^Rpjjl "6 ^StH ^iw6Hl 

^ iiil*rt¥ ftwi ki«Ttc«i owirsj 
*Nti»!twi Prci ii%i ntftftiirrsiI AfNItPft 

^ii Rm Rif% I A ^%1n mv iftari ntfl—fr w{ nm ^ 
VI, at« hRf nTfti ^1 ii«#l|i I art ^•I'lfci:! n% wtwtl 
ar^ft ficff frttflf hRf »jca« irti Puiflw fi i ijn^ cw 

^irtu «», <if« ai^ art ^ «i^» wcin ftia f W 

•ttft« ?cai— 

w "sta:—^rtci cw afija trtw ftii ^i« a^art ♦tfiW*! aw 

^1 •frtw ft5 vt fwftaftffftwui^? wrtft ww wwH ww 

▼ca ftjtm ww i 

ta:—catJ? *111 wrc^^ *rft^^:srt »rt ’iiiN ^*ti w« 
*i^tntfaf ^v^ A9i cirfrca «rt3a fi, ain:t« c»iPcf ^« 

t<5-«c«iafartrtt a ftni^ «fa(3wi artti alfrt 
ta (i-S t^aattf atwfwi a«ft i 

W t'.ai aTrt!tF«t;—aiw ta c«ita atait # ftRa artta *ttfi«— 

(1) *i?ii<fl ^vsl (2) frtrt a^«i I 

♦tfft*(iwt»i;—w tacwartfi artca ttf* ca, cfta ^a aS ft« 
atia, aca art fcm ftifta fin ttfl cart ^ <i^»f ta, ac^? 

an frtrt fwfta witt aiawrt tfa aafi atai i *rttt<f at iitca 

acatan^aian 

aiajca atati n-atia ata an art-(l) ftfaarti ^ (2) ala atai i 
f^atar:—fSi-ta ^ ftiata fwi ata w i vn at atca ftftatai 
m I ataltff braf^ afiwfi cata oraca att ca, caatw ca aa atai ft, 
aaaa atflfa aancata an ai aitwi ft m atai at caaii aa. aaaa ai ca- 
aKi^atcai 

ftfaaricanr ijlta:—aaa affat cata arft aita caw nrw atai 
an laa ainaa a^ Piia ftca caw at? I atft ala fta, laa atfta cff« 
raa t iwa nap aaiw atirt cacaa laatw atfw *Kf wi aw aiHi aa 



f¥i f^ffinmvnr w %i iim« cA\ toi 

t —^ mtm ^ ^ ^ifvcv «in^ 

^ ?ti|f itit Jlt^ltffttl 8I1 \ ^wi««% ttPf K f^ m i m I 

fVi wf«ii cffi fli I «fcw w ^ f%ift*r wilf *♦! 

c^CT I f»K» irff ^tev fil|:i or w it, ^ ot ^mt f%i»i *ici 

m I ^ fc»T <t%irtroni »ww fc^i c¥M1i r 

^¥>1 ¥¥i fffi f41 ¥i «% ¥ti&c¥ ¥ftfH *pw ¥tftf¥ nm wtn 

fTHI I >jrw ^lwf5|¥ ^n, ¥t«ltl ft«1 ^lt<lt«t« ¥«ltl w*! 

^*r« ¥tt ¥W *tci «CT ^ 1 vt¥ft 

ffC»I n^\ W CT[t¥ ^ W¥f i*t« ¥J ncn^t l|CT¥ ¥lt11 
l(i|;^<<^i|ti«| vic«r¥f it^^fv^nTtlimi 
¥rt^il ¥f¥wt¥? <(tf*n TO %¥ *»ift I 

?lr« t—CTO WC¥t^ Wlttw sitCT, 

C¥ ^nlTOI f^Cf C¥W *?t« I TOI ¥t¥f1f TO ¥tCltlt« C?l^ 

’rfVIfr I f¥i •tl cf^ TO TO TO CTO« Pirtr4 4filt4 ft, ^ 

4f¥WtCTO IP¥^ C«rcff ^1^4 4f¥ ^¥tf HtTO Cfll TO I ¥3^ TOltft 4t4C*H 
f^C¥ CTO 4Cfl C4^ TOW 4rftf 4fin fro 44 TO f^mW C4Wr srtTO 
Vfl 4tC¥ ai I 

TOW to:—TO *?aj C4C¥ ¥1411 tItTO *ltfSl Cl, crow ¥1^1 

¥1C¥ TO It^Cl C1C¥ l¥frl %411¥ TOW ¥lt¥ HI Ih W¥ 
TO ¥1C¥ 11 TO 1^^ f^ ITOI ¥41t C¥fll It ¥TOI TOITI TO Il%¥ 
1¥ TOW ¥1C1 H 1 1¥ ¥t4l1 CTO f¥til ¥tCf H H fH TO TO 111 
TOt^ Ittci C4Cf 11 TOW ¥tl 1¥1 initl ¥lltl llll^l ¥11 H11 ¥TO 
(Xh ¥t111. ¥tC¥ 1¥ TO I 

fWl ’ICll ¥tC¥tll1 i—fWN ¥1 CTO ¥tll1 TOl ifiltl ¥¥ 1¥ ¥ 
llWl ¥ 1¥C11 TO fMl ¥1C¥ ltd 1 fHtl TO ¥tC¥t«lt ¥lltl ¥tC4 TOWl 
ITO f^ iPr I ¥f ¥ CTOl TOW C¥tl lf¥%l ITO Cl lt#l ^4^ H. 
¥tC¥ WWW TO I ¥1CW l¥l ¥1 ¥ CW41 UTOl Htl I ^ HW 

1¥1 ¥1 H m ¥¥ CW 11 V. TO ¥fl ¥1C14 Wl « X 11 
fi#1i TO cW¥ mm il^fw 

WllWIWll l¥f ¥lm¥¥l¥fclC14 «,¥ll 1111 TO iff llfrl 



P nr «CTW w w* ^ mti ok^ik w •fjl MH *t^4 
fC4l <ri! Wt TOHCf nijNcwvowwf 1 

viCTc^nr (l) 

f^i wn Wtf^ v«u+ft .. “ 

(1) ftt-mf. 

*15 ofcw P®« 'wc^n *rfl^CTi ft« ^ P«mf, 

Tiltt P»K. mf [ K Oiffr ], 4jm ^ff «rtm c^. w •*« 
f3(p«1 «flf¥ W ¥»C« *ltl« W, Wl P-1 W 

m «1 f -1, ^It K -1, W94i^ P « mf m X W—oi^ »rf^f 11 

cicf irtni 1 W 1 nfwtn ntfi i 

^^ti *iCJW «rti:*iT5in :—nRt m A n* ji^I^ B-iif nt 

«rnrt<r to, B iv« a iwi ^*<1 »prt5k 'i m tow ^ii i «w 

HfH (Action) JiVs ITO TO (Reaction) i %il 

TO¥ im TO •ttti I fri f^til iTO «f^nTO €rf^%il 

itTO I >r?« nlWti »rtTOT fn^l ’• Cl »nw, TOTO 

crorcin in i f^-l»ii to ^tl^i 1:11 to toII^i w¥ «rtiriiCTi toi 

?-TO to antivici fen cwm fc*n cm ci*j 

fMt-i»rt il^ # 1 ^ iTO nf^ c?itc»ri 1 4^lfe jimtzw cTO fp m*nwf 

TO TOt ‘•It ^twi ITO ttl Cl 111 TO! I ‘•Itf« 

to-imi ♦ifei cit i«¥fe *iiif ciTOin .^•nnnife»wtsif«in«ntR«TOi 
Cl, toi« «tfitoi iTO « I 

fin fOT ^fetf :—(1) W l*k(¥ ClW Ctffi n, Cl If^lF CttCf 

c>r Pifi fro iw ^iftii TO I 01® Ufa! jffV if^m ®*fi «rf»toti m 1 
(2) 11®^ H TOCfel I!f« a# «rf«r#11 TOI toI *lf 1 111 11 

TOCfe f%t TOlIt itH 111 ITOl TOI ®W TO ®TO 

Kl TO® TO 11^ to toi flt¥ TOtCl Clfld I TO TO d TOl 

«rf«toi nr ^*w n. wi iwfec^ Iticici TOtw to 

ittoTOi 

TOTOHtf 

8 



♦ItWMW* •tfW 

tvrtt* r9 iftw, ^ nif fwf •fwfi f vtiicm CB9t ^ cf^ cUf <*p 
fiM« TOff 4taFi ?«iii> '•c-iil ’•w »!ft¥ VKw <111 ^ 3*11 

1. 96X^ 

2. 98x97 

3. 88x91 

4. 989x988 

5. 99972 X 99992 

6. 999981X999997 

7. 114X105 

8. 109x119 

9. 1008x1025 

10. 100015x100016 

(lirt** fcv 252SK ^ cw) 

mrn^ wH«^ >• m ^ 

♦ ^tfl iNtmt fSiB^ti Mifi. f ftft»1-9 

?< ^vm ’iw *fif^ 

cwimi ^w ^ c^rt *!fcf 1, ^rff i*f fwti m 4i *P4rti ^ 
(Square) 3p«tl »Wtl Wi tit, fr*i^ s*f, 3R»Kil n?tt« TO'* 3«p 
uttiti w< 1 ncii^ i)i{i ^ait ¥i3F«f5f 3if wti ^ 

filw^^tiww>*i*nit^*fffn* f%itfttwlf»43iliiffir*mfi 
erw tic9.«tfc»* ^ cft^ ftcit ti 3*11 ^ cimttn ^wa* 

•inf« fSifef cftf, tti utttDn oititfi w trf ^ ntqjtf ^ f:4 tSf^ 
fiqtltC3|^ «C« *ltiw I 

w ^rwh *mi oi?! irtwtwi f n i 

I CW 9 *l4f « CW lTf5*l^rsrtin^ mc9 *11111 ow nw CVt3* 
i*^<i1fisni f%i fi,ff-^ f^l 3|«rti 
tnKV in CnItI ^BtCVlTV^ 

€WW mtrtlN a*3R« TO* CT itf^ tt^ q<3Ki 3*l3nWtfct^ 

lifcf Hew tmf^ ftw *i(» Wt fti 3^^ «w*» 


itWNUfi m urt 

ntm wttf «inr cw fin m ftn, Ncif wm m<mi ^ilrf 

f%w w I ftc« fttf ^rm»! c*i^ mvm nn * '•w 

f««fl*TOI(NH¥C1 Wt« TO 1M1 TOTti^ C^’T fllCT tTtft ftPft iNCil 

««TO #l-fTO fiwwl *lt«f1 ^ TOittf ^ I f>r« siTTO fWll I 

TO ¥• 47 ^ Ml »wri TO I TOt»T f% TOW TO— 

47 

47 

47-4W TOWl Utl TOf 7 1 7-411 ^ wn c*fTO 49 I 49-«mi 9 TOt# 
Ncff TOfew (ifc^ 4 ftcv iHiTt** i 4ii*tl 7-CW 2 f?« HI Wtl CWl 
14 I HtfH 14-CH TOWl TOTl 4 fro HI wn ntl 561 TO ftCl f|il 4 Cltl TOI1 
60 I 60-HI 0 ^ CW19-4W tt-ffCH 6 »tt« iNHtu HTO mH1 
4^114 TO C*»TO 16 W 16-41 TO ftcw itli 6 Clt^t Hti CHTO 22» 
41ttl4l? 22 HtCHCHlI 09-41 4l-TO*r Mcwt Clt^ TOft 2209 

HtTO 47-411^ TOIi 2209 i C11 fOt ClH i 414 CWCl TOH 4 hJ hM 
TOTOf%l HHItl HTO! HtCHHTCHClTOllI WTOTO» Oil TOfWl 
4tftWT ^1 Hlfifirt JTsTO ifH ^ TOH Wit Hit C4 CHCarw TO 4f| 
wri *!Hfw I H. 118—4l4lllttl 1^TOW TO t 

118 



HCTOWTOI 4WW ICW TOI 8-41 if to ClHtl 611 Htf *tl Htltl 
8<W 2 ItH HI TO C4TO 16 I Hltl hI 16-CW ^ IW 11 ifll Hi Wtl 
CHTO176 18-41 if TO wrrW 64-414 ^Wl wtl^w Ml Ittw itH 6 4t 
176-41 TO Cltl TO Hit 182 i fit 182nii 2 CHU 4-41 ft-fltw fillTO 

41? new utoh is i 4iti 11-41 if to tou 121-41 to is citi to 
CHTO 1391 ft 139 TOItt ^4 dH 24-41 4l-HtW fwicwt CHTO13924 i 
4it 118-41 if I WtlCH cucwt nm Cl. it HW H fwi HWfifail Cl CTO 
mTOlfwt HWfwiltflPHHfwHftHtHflltll 411 Ml ffl 4^ HWFtl 
TOHt Mill TOW W HtTO 4H Hll CWtllt 41 IfftCH TOllpt 
If If TOITI if TOW *rtiCl I 


tif HlWltl TO! 



•iijiwwit!i *n(rirt) 

1. 8544 

2. 9506 

3. 8008 

4. 977132 

5. 9996400224 

6. 999978000057 

7. 11970 

8. 12971 

9. 1033200 

10. 10003100240 

[infill *flp5 «•» WI **f** 

itnti ncil w fff ’otnti^i fi ’ifinfftci i*i ’rwti »i 

•iifi nw«i fiw I mfi fft?ii! 

1. (fM: 100) 

96- 4 
89-U 

6S/44 

4WW 10, 100, 1000 *i^4iti nwr cfts[<^ <ifi ^8 n^xm itit. 
cifll fSn iin ft41 «OTii .^1*^411 <wi 1001 ^ 10(Kf f5ift fci ittit# 

96 ¥iw 4 fl; 96-il niPI -4 ftlCl ftl t W 100 c4Cf 89 ftciM 
fW 11 fli 89-11 ntw fil4n ICT -III 1 ^ 96-41 CW Cl 

ilWlH mi, 11, 96 C4C¥ flOftl fH 85-Cf 

4l-t^¥ C4lt 1C»I1I (44^ Cl, 89-41 ClCf Cftltfftim Cl 4114 ItiCl, 

4, 89 C4C¥ <4l! totif flWf 4fI f^tl¥4 85 41411 Itl I) itltl »t4 
41 4\UI 4 4 ll-Cf 41 411 4144 44-C4 l^UtlPll 4tlf 4tl UVf C411 
t^4l44t 8544l 

4W»ltl 44rt4 41C4 lH 44fk4 ^ 4tft4t1| If If 41 Wf ftW itt • 
41 ^ 4tC4 41441^41 fill 

(i - aXx - 6)^1^- » 


I f 4 f 



UK t»10a b-ll i »-i-b-85 ftb«»44t 

m vm mci tw, Wirt rtnici wf<t 
^iffw, mow iw ftwi vw iiit^i If (Di|it) ftfii fc<» ftn it<l m 
U-i-bKi itfu » !fw n fit fwi l^^ mn fbifirr ilii i# 

tf * nfwi itf Wn 44-11 itif ^ If I f^f wt4 fwi 1 w iwf rfn 
14 1C4^ fW lltl ft4, 2nK 1 34M1 |)l flW It C4ll! 4fC4 * 

Z (M^s 100) 

96- 2 

97- 3 

95A?6 

Iftw WWI ®t4f^l Wtlt^ nil, ffl 3 1 3-Cl n IW if-llff 
4^411 6 •f^•11 rtf ; lltf 6-41 ltc4 11^1 i*ttWl i:«l t il 111 Wifti 11 
11H Iftfiri •?! Ificil cfci ftti I 

3. (Wi: 100) 

8^-12 
91- 9 

79/(1)08 

-8C03 

iftpT 12 1 9-<i n itf f«4-itn 108 nffii cff, i4t«. mcfi in fitf 
loitmi c«i Ills ci^ If ffitf I )r ifiRti ifbti ('fcici 1) 4f-ftcif 
riTti ftf <!« m fSrn tci 79+1-801 

bfftir fffi ifftlt 4,516i^ If ilSici Itft^tf^ fn cift Ilf I 

4. ( Wf-lOOO) 

989-11 

1-12 

977/132 

5. (fifi-lOOOOO) 

99972-28 
99992 - 8 

99964/C0224 

6. (flfl; lOOOOOO ) 

999981-19 
999997- 3 

999976/000057 

74^ mi nn fiin Wfif fcfti if--fttfiii f« citb a»i > 

« mi ^ mfrii fcf If cftf iTOi m mm ftiif m, cf> i^inlti wi 



2U 

fiwwv mfm «mi Pm m m mtn cm 

>!^<triiw ^^tiiffti fmtn ^ to lit# tow tow to i toi 
wfim wtwf tf w TO I ^ iificiTm wiiwi^wftTO-- 

7. (fifi« loay 

m^u 

105*f 5 
U9/70 

^Turf^wi cn ni ntw TOti, m vm* 

(X'|-sX*+vU*** 

n% TO x»100, ••14, b-5 i x-l-•+b-119 TO ab-TO I 
7nK w tif wfinwin 8,9 # lOs^^ w» to cro TO i 

a (litiiloo) 

109f 9 
Il9«bl9 

123/1)71 

•12971 

9. ( ffifi 4 1000 ) 

1006+ 8 
1025+2S 

1033/200 

10. < fitl: 100000 ) 

100015+15 
100016+16 
100031/00240 } 


«W'8^ 


TO 1.: wtwl ff T 

TOSLl *f11tltCTt11 rf T 


TOTOH fro wfWTOMO 


Nil.: TO 41 W 1 (iwi cfi cm w wni c#« 

TOWtitl TOtC^ i^n(% If I lilt 19 WMl I #iwtw1l<1lcw TO1 

11 WWWI oifwMIf TOU TOtf itwftt HfTO di I will, TOKTO 



2SS 

vmif «tik <i(inin ^tvn n i #it^ yt win 

«i?r 4 ’Kllwt «ftvi vpwimct •lit «h «i itc* i 

«vittm««%i •««<« vnn It VI «i« 

ft^it vw iwi%i, ioiSc« m *o! fw Hfit* iii%i <*« <«* urti INti 
uiwimdwi 

^ HI viwt iw It! twtwtwi vif^finw I »rwti «iti 

iitt vc« nqi •iflr'itftv mit cm ntut iti. vmi 

^nftcktci «<%i (m i«i) <Mt nwi (ifti hr)i 

ifti ivm vtni itiin «n fi«t^ iai<^tv 

CTtifftf 'infti, ciwtftii mtfti Nitff mifti m win mi-ftniiii 
nwli »f»tt<ii unfti cmnai <w itw »iw-wm 
mwi I▼UiiwmititnftwihftwOnKi*nnI 

Jft, mn, cwti •!«, ti iw, fti »ttm-4l m vw wm» 
w fii HI n* 4^ ciiftftmi |ii: »liH ftwwtcf fvli itrt 
Ht HI mm ci iw uHti ifi. w »iw»l aftffi I 

^ 2.: cmtHji vtiw *(iltiiniti int h i ititim vti cim- 
v? HI ilti I iih. itf hrfii TO wi ifiH man cift itti 
•HI <»itn vfti« iifii» Htti iw» ti*^ m itw, m 

vOT cwtpit i(t iw ntti It I 4f ftw •«Rh miwi iftw hih 
im cfiit HI itiWfiiti ifta ms 

I itfli Hti TO <4 niMt cwti iifti ciitcH iti m 4« 
*lwH Itt*! it« TOpI ‘iftllftHtl ItCH at TO I 

4ft Itift TO tjft TO 41?HW4WfWllhIt! HI Wllan 
TO TOtl Wt* TOtlllWHTOl 4CH lift 


vnrovoi* 


• 41 {<ft*-ftfTO 4M ftwiftPn I RTO TOf. lftftll'9 





f 5 ftr*rt wi r*R 

iri 19-20 c^i>itlt wtw *fi¥tmPi^- 
Uf ¥ Vtf^f Wt^l f<«t¥ ♦f^Cfi 
(Indian National Science Academy) 
CaVf Utlfllf ^¥1 ff«)f fwtW «¥PI 4¥ 
HtC¥t5ai*K»| ¥11 

111 '¥fita{6l ^citll ¥tw C¥^l Pl¥tait 
Wn¥ ^¥¥ Itltll 4^ eW^ifCl flftl 
¥11^1 ¥1^ C*Tr¥n'«4 ¥ffltl 

¥ti#i(¥¥ c¥rtr«fJi[ 41^ nft^- 

¥^¥5tM ¥nsil >!1« ¥twtiatf 
f¥a|5 ¥tt¥ ¥tfr ¥11 ^1! ( ¥ ) 
C¥Htfl¥ttni 4 ¥tt {¥) Sfl’f- 

C¥tntfl»t¥ \cn ¥tl¥^l C¥ltftf5¥1 41^ 
(«i) «t’f'C¥tntM¥tn 4 *fii^t 
I^Citrn cmtfafefti lit I <¥Hlf4¥tl*|l 
4 ¥t^tl^ >W4 fail nti ¥til 
citutrii n^iti c4rtc¥: 'irl¥ 

(Prof. Smak), iffltl ¥rt¥tC4fl Hi 
ItHlHl (Academy of Science) Jif- 
lltiri C«rtC¥! lUt'c*! (Prof. Kharadze) 
4l\ fltiri^ fllftltlCll Hlltn¥ 
•.iilifiti citi (iifti fkmm nfiicfi 
¥N¥1\ iflfll HVll ¥f¥)l ffih 

nfitnw <rt^*4ti^ cirtfifin wi 
nrwtjii 11 ern nihr in 

41WI ittifi wt^i ftHll •Ncii 


%ii) llfi filrttiirni 'hHiI 4 #ti 
If’ ¥f ftulJ fimiici tnintiii 
4rif-ritnifiiti fPfi Cl nti^ti cirtf^ 
icir ci\ie¥^¥ icfi itm enfari 
fill, 111 ) idtifutcii 4^ flltl n 
ifiitci entfii in 4t Hficiici 
ifipr^ iifi fkifiitwi itiiii 
fif^i fiffirtfii cicf Hfii erWifi- 
ICHl llTlflf ‘N’itfi *if^* 111 
41^ cn wRcuci cmftn Hitifpsfi 
HI ItClCHl (Poliah Academy of 
Science) erfll IftiTil CltW |tf>lltpri 
(Ptof. Trautman) *C¥tllfl¥tl 4 HI|Pl¥ 
llKflir f^¥ HllU fll irffClHI 
Htf 1%I I lllTl^l ItiCl Htlftl 

ciitfafiiri 1 ^ 1 41^ icwi iici ftwtfii- 

Ifci HtCltWI ¥CM C¥tftl¥rtlt«l 
(Hltflflfl IMtl iffitll ill <4^ itt 
(Dr. Vainu BappuX ?ifllt4 Ifllfwi 
nr«t4¥ ill fisflfl (Or. Sinbvat) 4ll 
Cltlflcii ICWI cfori 

ill cm (Or. Menon) I lltft Ht^tCl 
Hiirm ciriifii 4¥ iwtn itili ftpii* 
im IciNciHj I 

Hill 4| Hlltl IllCHX cntfli 

lititcii iicitPriti cffirtifti uti 

4¥il wfHI 411 4¥i 4?^4 

Httltll ¥11 H I 


Hit! l*Ht¥¥—ltefWWiW 

IMklfiri ¥|IIH ¥f¥ ««l(¥f¥ II lltiriK #• 4¥l^ 

37/7 WMIW <41, IMH #4 4¥H¥ ¥f¥ IISWI 



«|ii « 1973 
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mrn 




wrmi j 

• fiiTw. 

fc»rr»(« ffwi wrw f^«i 
wsm « »tl 

• Ifiiftiifit c9fatmfii¥it«t wcm 

• « mmm *m 

• ^rttwi wTwrmi mmm <fit>i wrt9. 
Mm wtti «ftt. itfr m 

tufSptwiti. ^frrtt*9f mem 
« w. c»!fv aPw, iPitttti nvm 
myfim >!ti inrtifi i 


ll^ttf* f^wi 4tf%ltii. Infill, i f tti w t m tf*f3rftfls orf^^iiii 

^ <«flr»T«mw «rf«Ata «4ft cm^ ^ «mr mtmem Mn m:nmnt9 « 

^ fifw fSw I 

fntf% (Hfvi m $tm% rnttl^U ntrnf ^m , rnmn err fli% 

flW»nrn1% «rnMm i 

rmfvfm (^9wi) ern fms 

dArvtif vtv s f*v|C9i. «^4itii 

, 2 . .., 7 ' ' . 77 " ~ 
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^ fNrti—liftw, 1973 


1 . 

2 . 

3 . 

4 . 

5. 

6 . 

7. 

8. 
9 . 


fwm «‘wn»« fiuW 

16-00 lt»t « itfi# W* «|f*4ffl 1500 

9 t 4 ri; 4 ntr*»« «rwi 8-00 9 f»l € 7 50 lf»i I > 11 ^ 1 ? f^s f*<* 

nftnM nritr^^i *i «n / ctffti fii i 

49fi «fc>if w’ftw «rM'«>iwwca ‘fita a ^ffw aMtM 

^»r*irlc4ttn mitw fi -, c^t* 15 w\Hm mv «twi nfiifi ai cnt*» 
cntt >TCif naftii < ‘•i nci 

iTtan*! »!14 3»f ; «ftw n(i« fcar ffticafe afn •ttaii 

cwta •fin I 

^latftf, fiitina, ftwinc**! ah tnPi f<i«H nflff, Pf 23. 

iianfawlH, afa¥i«i-6dfnrt caftiff; can watc^« 

«icim*f »c«f 10-3011 caca 5 2^i *1^1) 4w datati mfwn 

af fwtira* net >ftaK a«i ^rn t 

'•114 a f^wn' *f^aii « 4 iTf» aafe^f* aa f^wt^f^jna ftJiwa fttts^ 
a«t •tfiftw asi>it«if«i ^fta >!Ka ^ffl n i wt ftn nia a >ffwc^w 
atiti ail antai cif^tfS 1000 aca< icit ^ifta itil ’•fwli i 

aiitfti attfafn afftai aa ’jifi aifa ffci nftaii faiaci caai atitaw; 
aiw >ica fta ataca i^fta «tftic i afta afa ntitia «• i 
•I4tt4 ctcai ati ftf ita irt-Jli; nftawi aatc« aia*tfaa mrH 
•^•11 fita ftca aicacfe aalSi fit* »ci i a«ta arritffaa wi inifti 
a«ca an i 

«icai atw caacai ^4 ati a ilatai ai atata tHi fi at i afa c*ca aaa 
atitnai atia ’aant^^s aaa ntatiaa* cw§k afitcai ti mi aatai 
ci^ftaa wi an m^afttaa aftaiii, afta45t ai *ffla#ta rnrntfa aa^i aiftati 
atata i aai aiant^a tali ataa atafra >ntfa aa^ aaa i 

•ita a fa«fia tta aatcatfati wt» ft ah a^ia afttia tea i 
fift-an a4ai «na ai aai an Itta anaa i 




«War'ifNlf»r-W,ld7a 






fMl 

CNfO 

lit 

9 ^ Wit 

orttiif NPrcwi OWN owcf 

10^^ acoiNtojti 

257 

WTlN Cf Nff 

*•• ipfatti 

259 



267 

fth « ftitwicwst 

... Iff Ml faitN 9 wftwt 

271 

fanili 9 T*! 


275 

otwi ai4^ 

••• n41 

283 

^to'f y cf 5t otCN ? 


292 
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i^laisfN oltsif 

294 
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SfTI « tw2|»^ *Tff| CWtll 
« w^^urttif »fc« « 

^Tfl rtrff 1* 

•if tcitc^ wt^ti tnfti 
i«f fwffi « eifwf^^cwt fm^- 
fnrcu «finf 

ifii 9tm cicf cff 
tf|%f^. fhi cff^ititf. 

^fi lit i ff 

w«» 

«l nt*M frtwiwi-«» fwtitf vif 

ntwfi ft, «lirii i»ifci«i 


<«l irrcif»fi'fC9i ffift I 

•fff cfftir* •nf'lvf wcf fiw « 
•!#• nfiwi Jift 
•fCf I tfucfr > *fftwfi Jiff <it’ff*r* 

«tii <11 ffi tnct i «imti*rcii 

fffiti nfffi^i ifitf lun cfcff fif^n 
ItM <1 ftfCf Iflft w 

fWtitMt ♦•} fc<i liffin il ici- 
itn <fc*r £fWl. fitffwM « iti^cf 
fiif iftf «cfcn tfif 

<ff • fcn writ! I 

fiitiff nww ft«ti • 

iftff iit*rftt cfiptf lil 
IIWfTf 1 <tcf 





298 

WfU ftfUfll I iW 

fnciw t 

(1) ffWfsr « 

iffifitl (f ^ Wif ▼« OT, 

mti Iniv nm] •!(% r 

(2) « ?fiiif^iifwinrwti 

nrw if^i fc^r ff ? 

(3) nfw ff cftftf ftwtf 
ftfl ftfii? 

(4) ff«rw* f;r*rrci ^tftcn •tfi* 

f«^i ff I fit ^f 5 » r 

(5) ^tfi cffwfti frtitcfi fiwtf 
« fll%f^ffl f^ftwi fnwtff ffH 

VWl f«ii, >!WfW '•t 

'WJ< CW (ftf 

ififff fftCftMt it« cwil rtf fi I 
fWW ftl» 4lrtl ^tftci tun 
it» frtcii I ficfi rtCf 
Iff cf’tff ftntiti frtf icfci*. 
flUtf f fffti »ll»l tiff 

fcirtf. ffi rttfnif f 

nUH* 11 cnti cili n\vi\ n N i 

fiifi nw n»w—itf- 

4^f«f « iitwfi wtfiirtTf frt 
fflci frtcf. 

nifiiwi fif fwiti ffi i»il ff 
T lift ffiwi (1973) i^itinci lit 
irttiCTifliw iffuititm 
fiififi utiti > fill fiVi <111 
ifliin fitfiiifti irttinw tftfit 


ftwti t zenm i4.5i wu 

ffi itw <fii fti, cm fPwi 
ftitw tftffwi cfirtf ftf flrti«cn 

tnci itntf fntfif i c i cf i 1 

fit iiif ff. t^cfrti ftiTi 
f n<i\ftf tnci Ilf tf f«tD f 
tfPpfifcii ffifti iiK fiitii irtfi 
fwi fli tun fUf ffitifwi xm^ 
iiffii 1 nif'Uiftf rtf fit wr« 
iti> fiwrft f fif%f4ini fai HI 
ttft ft(. it^t fw—witfii cn 

fi«nl jw ffi n cfi, rtit cn 

iHf ^<ftfif f fwji 

ftfirt fit fi I Iff Pntf ffttn If 
rtll fUf ifiif ffit! rtw fiftit f 
irs^^ftfcii i’tj 4 iti*)iii fin fci- 
cnuf ftirif in imtil i nt j?lf i 

wtiti iifiin ftw fti*(f 1 
iitfUiUi fiwfitiiUWf ftrtlianiTji 
ffj6 iT^t fwtfi I ffft irtcn— 

nt^fji fiftrti nnirf <itf wtntii 
ftsi, fffti-fttf ffiilf m ifiitii 
«fi ffi) 

If fii lit iiitn fl fltirtifi. 
ft ftni ftfi 111 ^if iff ftitfti 
film fcftfi ffiiif ftuf «tf 
iti4^ fin ifitfn 41111 icifiti tn 
litllftff f«tfffUH fit ICT lUfl. 

cili ft fni firiff- 

fiini <1 i« ^if fcf n ml 
mitirtftiiiiwffii 

lilt 1^)1*11*1114 



SpfCW CTttl'rt 

fHftr* 1972 carpi' nitupi^n ttcfi •rt’Wi ^tw cf «ti1f W n% 
cffti w w i«f, >• «ty 

^ dfC^lt^firv (Maisachuieti Institute hfimj idCl rf» C^lltCf 

of Technologf) »W«Cf« ^TOHf CWl •tflU »riflf«f fWT M 

(Noam Chomsky) «WWll f¥l eifl# ^TtfH « 

fcifiwil araj «tamf ammf Cft«l!%t af*!t<w tfvfwfi (Logic) »!tltwy«rtl« 

ftw ti nfiftn !«'• catu ft» •rtci. ait cwtit 

fifi «ran ’^ran ^latatig arata fciiiai ntfifai ajtw aWa- 
caFtafi ifftrii« ait^tat^i (Auto- a^ati call (5nKa—‘-a^ai •it'Stran 
mata theory) ca atilt^ft atotn «1W. Wfa^fawato* ft awa i ««f jl ^fi 
\nfv. wfai »af|l naar a ajtaaa afa ^affs af#«tf vtiftatf aiar 

Taan caati call ¥icai I *itJfcat mat aft, «ta t^al aitancn atalca 

cftafa ♦ fasten (MtUer) sn!aaii-*fi- 'sfatlif at fa^» aca at cafa ? c^rtafi^ 
%tin‘»>.<*) ftcf ^ mMa aPii ataii ajtfaatat ♦ta mwtaata |fi faataai 

attcaa airatcf irflaf»¥ artifeata acai ff>rtta facatia i aifaii artf^ ca. aftfina 
^tai* cfcfcta ca aa wfan, cmafa aittaraai etaiaa: r«a’»fca ac'i atca*: 

aitfia 

I 

■ T "'I 

•tfiatPif a<ai^a» faal^aa 

a<atffiaF ajtoawi *tt»ll fama itiii, aat: 

a^at^aaf ajtf w 

j p~ P -j 

aiPif^a (Phonetics) f*nf affi-wflf« aarKif aftcaa amatci atcoja 

(Morphology) (Syotei) (Sematics) a|<|3niia»f (Pragmectes) 
ai5i fffti (Phemeaks) 
aifavf (Phonology) 

aniwvi a^ainjif aiat fHia ^f8int^“32 



260 

<itfT iffiw m 

(Concepts) «nrif ¥« fttw, lite ^vl 

ttw f 

itwn 

« ejtffrtf ^«rf cfUff 
c^l (S«t) sftftfr f^wwi 
*in, frfe» n wtn% i&rei 
»f^sii¥ ei nw f^ci etceji 
(A sec of sentences, each 6nitr in 
len«cb)l fC¥ ^fCl 

fetei «« •rfci eisffe. 4 f{S 

«rtti etfi ¥tfc« ntcii «tiff 

ejf¥VI (Grammar) ¥«¥«f»i 
fillW »r<«t (A finite set of rules), 
cull «rtti 1 ¥ (Vocabulary) cetf 

elfj ?«fi( #M A itiilce em i 

eitficni eil n'*»i *ific^i ¥tt-Jcs»i 
(Function) ¥11 Ki ¥fiw c«fi» let 
111 tier I 

eiteii 

mtjjf --* 

(Domain) (Function) s|tJri (Ran^c) 
let eit 

erteicn vi»Pi eie i¥ii eicit^a, 
1 t« It!) ¥tttl efC¥J¥ lt¥? ¥ 1 t > etC¥lf 
etilfH -it^l ftwte, ic¥i 
t«ht ¥ tn ftfjUl ejlltf ¥ ^¥< 111 
feffi¥ icei fit¥icii ¥fe¥l 

1 ¥n HI; ¥tl 1 ¥¥-¥#11 ftt¥Il 
¥CV ¥¥-¥^ ftfl ¥¥t¥l eK^ 1 

ilt¥iill ¥| feiitfei ¥ittfi¥ «*r 
(Ml ¥Wtl WW «tt¥ f|*mf C¥|«lf¥ 
llffl¥ 1 t¥mrn (Phrese) 


DtflCII (Phreae'Scntctute Graamiar n 
SW¥C¥ PSG) icil ¥il C1C¥ ¥!CH 
¥l Htfipif IH» ¥¥l ir¥It¥ 

it¥ittc-r (Phrase) ¥tfc¥ ei¥jrtiii 
¥¥l ¥¥r ¥•! Iff I ¥llC¥f fl 

¥l ^af%c¥ im 1J1 cn(atifa¥ 
(Recursion) ¥| eriCt f¥| 

Wtf ¥¥ll ¥<t< ^tC¥J 

fefti W¥ f¥i WJ emtiei ¥itce 
»rr*IC¥l ¥1 (Sequence) ¥ #,CH (Group) 
aicitn ¥11 111 I ¥l itiittfi 
ItCllll ¥|1H arc*II 11 l*Cl¥ll 
Cl *11 ¥tHt¥t<la fafn (Latin script) 
iJH i n ci| ni ¥iiti itt¥ji t¥ii 
¥C1t¥|l Cl *11 »tlfl ¥li5il f*lfi lilts« 
tl II, ill It ¥tltl C¥C¥ ¥| HC1« 
itfifif irtiii 111 it¥ Its ntcii 

ICl ¥111 ¥| «¥1 ¥¥5 1^11 »1 lt¥I 

cini tc«n I ¥1111 ¥Tfi Cl, Mci¥i 

¥fltl l¥ ItJlCfl (Vocabulary) fCifS 
i^Pl¥ IMJf (11 llt¥fl¥ 1¥ ) 
lTt¥fCni flfll fill ¥¥ltcs Itllltri 
iflCI (Concatenation) lf¥J® i¥ff IMtl 
¥1\ ¥| ¥tac*l ItlflUClI «C¥I¥ ■!(¥« 

¥¥ll fafH in ¥Tcii awiici ¥t¥ttii 

¥| 1¥ ¥U|t¥ ¥IH1 WH ¥¥#1 

(String) I %% ItlHlPf l*ftcil W« 
ICIT Ifflfll ¥tm ♦!¥ Irtf I ¥l 
1tlC¥¥ (Blank space) ¥1111 ¥¥1 
1¥ ftllW 1«W ¥ l(it¥« *©• ¥¥l¥ 
ft Cl flllH ¥tC111 - ¥f ¥¥•(«¥ ¥tHl 
idrtl *x\ y llltfl ¥¥^¥ ffCl ¥ 
nHtitfn i¥tiitc¥ ¥11111 fwf ffci 
fll|5¥n¥ I cut Hi Cl, l|C¥|f ¥¥¥(«l 
fMfifi¥ HI citi «¥; 



(xim] a^i 

( 1 ) V tH V ff» 'ns«y'-'(ire-'(fljrin|'^pl»nei))(lf>) 

♦ttW '•tW ^Pjcf *?> '■liri!They-^(Ui«'-"0ying)-‘pl»n«)(lt) 

iw. z'^y cn^i 4ff (If) f (lt)-« mi *!!<¥; 

**ltir|f (Element) ^wn '<♦11 et#! 

( 2 ) •»*. y V <iff f« 4 i 6 *cff 1 f»f ^t«l V»Uf 

ff, »cf fftfi **1^* 

•iHlnifSf *l«wm Uw (Awocia- (‘ c^f'. -(f«rf ) )-'^tftCl 

tivc law) cet 4 Kf (k -- y) z - W 1 ^ }^{ «Tn'-’HtftW ) I 

X (y s) <tt#n «icf« cwfN 

(3) x^c^x. (Semantic^)'*# Vf I fjff ^tf? 

•ifnci %% *»<fn <ifcf xif af^ti *»i i *tTfif 

fwci #i1 *1 f»H.ary aperatioi) i fll Cft^i 

fftf nt^tntfi ff5i tree i ♦Hnti fe«rce ■#rei eiMT« 

f*11 (Binary operation), IN ^tfUfT f i (Pi,)4rdmiuinjr Unjiuage), ftCf 

CH19 Jsfe m 2Jn ei ff«v »rai ei anificial 

1[M ef-Sli () efaiti •«> wr»)r »«i hinijiMg.* ( ♦finfTi «nia f* 

♦ticfr eificie (Gioup ihcoty) (i> 4^ s;at«f« &i«ii i 

«ytfci ve (ScO "Sttal^ts^ Cf I ect at i 

♦ Eknicnifr) faw cKta K', <,; i 4 I sfni (Ambituou*) 

'M >r’<«fCf a*!? »1 (Mo;»*id) I efej (f’roframme) fja*ll f«ftl I 

the^si atirn ♦<£« r»in C^a (tc»? ai <.inf! ^t^iv c,. %I5 

ei> it, ‘eitei atir »<?!* 1 »ti Nftwf ^:ar«iir ffin $mu 1 

nan* vMo'.ioiJ) at > aacne c#ta «ffS atnjt# facsn*i wt'» »fi n et, 

(Abstract) aiierti ••lai nfft» nfeiai( f*friit»l m«tii wi 

nna <«» cnenf au#Fi mfeerfH* 

( ) c«:* «a#® atc»u mi* ' (Phrase) ♦£•« vt ar#jl5« tia 

*ti*«nr n^c« *((€11 effnffi cffii v^fS « mi c<ia! nfi 1 cetaff ’It* PSG 
fintitn ‘They are flying planes* I '•f^o a> fan)* *ta(5 «fn nntna ! atfl 

ai«l6 f mfcn iw ari: sfaite eifaat r'l'tfa» atti (nn*) «|fcai: 

iM 4t#r (Sentence) 

I _ 

I 

(Noun phrase) 2at ait (Verb phrase) 

citnfi 1 fa«tir«i Ihi* 1 cniir %<♦ 1 mm* S fm 

Itnti ‘•fla ntf) 'The k^y hit the bail’ i|S| (SenUnce) fai<H fit fW 



iti 




(tt7f J1 noun ^ verb pbrate*Cipt ^ 

nm VII ) I «•> ’itCVTi 

fet-fv *1? 4l<t^ fXH 'tb* boy’ 

fiFit*IW aiftJi *bit tbe ball' I 

ftivv nw icvr *boy’, *bair « faHHv 
•If (definite article) *ttie’ I fiwt*lf 
’hit’ •• «tl fil (object) §m ‘ball* I 
Vffll -I'fVfvtV 

iftftWV: Vtfti Cft^ VIVt ffW 
VH ft i 4ff *Tbe boy hit the ball’ 
«•! ftVll ( 41ft 4l| fiWf flftfT TffT ) 
fTlfftfl VClfl6 ftH 

ffitn »itfttf (t»fii VII fti: 

1 ft feif ; S-^AB 

2 »i , A-*cd 

3 „ * B->^eA 

4„ , C-*(a, the, another, *'} (i) 

3rt * d-♦(ball, boy. gitl, "} 

6 » ,, e->(bit, strike, play,"j 

eiVtW A-ftc«IV*lf-Vftf ftVJttn 

(the boy) 

B • tintVfftvittf 
(hit the ball) 

•-•.••j)! s|i*S' <#1 fflV AB 

T^ltCV fCf (rewritintl rule) 

(2)-v nikm fitvwt s|tw 
ffl fWl« CTree dtagnm) ft ftVrtt"! 
^rthfCVf (phrase-marker) VtItCVf CfflW 
tviv niw (3ft fit) I 


r’n 

A B 

n n 

c d e A 

* J ^ 

tbe boy put 

the ball 

3ft am 

’A’ V *B’ fvcv fv Cftvrt, VtCft 

VI fvi tcicvi n«i <s) Uft 

fc«i A V B-cf nr-iinfff ff"Cf i *c', 

‘d’ « ‘e’-4i fill >tClVl Vlffl vfv* 

emv If f’JiCfi vvvvff intfla 
(Elements ft Atomic constituents) 
factftv tiici I 'fil ^IfTffCI* ‘•vfH U^h 
ffWfvtcf iwfiftf) I vtv 

ffl"lV ftvitti (Noun phrase) A VVfffV- 
f 11 Cff 1 ff Cl« I vvl6 ftlf II fW vv5 
ftflltwi (Phrase) mi| CfVfSlffV 
Vtff^ffCV CVtffV fWCVf t,fltff^lf Vf 
(Recursion) ! Vlffl aiCVIf ffCfll (ffCff 
Vtl ftCfll) fffittcf 1 IfItff* 
#11 vril fftci ftvl nvvK iriffpii 
wvvfii ^ffv ntfiv vifii w 
WtlT ftVT wvf# VICV wi ••fW 
(2) ft VM cvtff* vvl tit CVtVt 
fltviwi Cf fl.ft ffClCtf, Vttfcvl 
JTtftnfrttf fitffi m fnirivfv vkv 
•lift: 

(1) fitvn vwv(ii »5tffi nttijv 

■Kvi vtm 

C2) ifiifv vc« nvB tffSiff nr* 

(Rcvitting rule) Vft tClC# 




•-►* *«l m f»i<N «i ti) ^ c^, vtwcii '«f 

ft! JStftWf '•ft •tfKf ftl CT^f fft fftfi Iff wit* ftfttfr ft^fJI 

tntftwc^if •iw )ftfmi wn-ftf fsfti wti wf: titf 

(3) c4fff tftftif ftcwi wl fii cfn ntci ci, ftiti ^ti 

fCf* ••• risifSifsi ftftctr wf 

Cftf'* w ^\ •»? ft* ntfii *w ’•ft phwse *A* •ni* •!• 

*tcf »t I •ft* irtiw fi*ftc* ft* f* 

t«fxi* •fttl<l (•tf Wf! •*¥tflf fHf •tfc*. ••I ( 4f^ fwt \ 1 



(i) *t*j (A-Oii tp«ir*#t*) (»«0 ftllf 

(Self-embedding) (ti) m recuriion) 

(Left rccutfion) 

4*^ *f1 

ntSf*i Cft*rf f ft»itri*» i^ffi tn« fiff fit 

•t*tf **?•€ ^tiiTl *Ufr« tftfw ft* cat* fitf«tn* ftww 

ataif cat* errwi* ftf rfff rfff 
PSG at*t« *tfl •icw* ac*if **c^ af-eft arttltll* (Automaton) 

( cw f’ftttsi a f•*t(ff fafw * fl'fi** *in^l*ta* (C rretpondence) 
*tf J, aet f<f *** at* cf*--(W«nt»ty f*l ff f tl* W. ft** f^tiw i 
of meaning of actiee A passive al fC^ffltlca* •t*tt*f Cfta aft *tfr 
sentcoccsX ft fTTfjl fita ntn *11 Cfffl ftl Cft ftf)t fllNtlt** 

PSG-a« at at ftwtef f**t* ata w n^wiffa Witfi ff^ fffi fii* 
Cftfff iftf*ftl^ *ltf*M« (Teans- f*1 « afw ftw fjtf*1ffln« afI 

foriMtiomil gnomar) ffftffi ftiCff i f'tW ftcatifl fiff t 
a* ft-w ^ tfiiffa a*w ftaw ftt* I -^ffatat* *jtf*f *i Itlf fmm 

*Ttfft1 (Typ* 0 grammar) ^fl^f Df«« 
WtifHa tnf Cflf ■!# C*t (Unrettficted re- 

(ftflt tti a» af fpwinca* uvf* writiog iy*t*m)i alatfI at fftwtf 





lfl«r 0 m fdrti 4 er<f^ vt-r 2 ^^ 
w irtfKn »ti ^*11 ^itt, c>i^ 
lf>»r 0 nt¥fWi tf tfM I 

CK%I =«TtW ’Tl 2 ^TtflM 

(Type 2 jerammer) flf* 

4 «|| (Symbol) wfl 

1fC«l I fli?li:, c’T 

ic«, '•ti 

Bfl I Ifin 2*»«i *\r»a 

C5ft»l 

*Ay-*xBy 

x—y ««i «ncw (Conti'xt) A- 
<1 tCfl a»lC»( xBy c*i<ri 

MCfl lt>n 2 ajtff5Cf 1T> 

(•T'fl (Context sensitive) XffVM ei|i 
•t I ItCI^ inafl* The boy runs, 
ffl The b:>ys run 
P»IWf ntt ief#!*! I ^fcai Tpfet*! 

la’Ti « Clt^ ffrt 
ff c^tvti cn^i <«» intii w 

ffWl ( 

si< cil*lti eitf 1111 &rl«r 4 utficii 

!lif5>ia[ i\fn cutil: 

A -*000 

Ml'. If nwm 

«t«1« (If WW 1«l| fl 

non’terminal symbols <«i^ Ctll$ ffCil 
«ftffr«Cf 111 fl terminal symbols! 

41^ ftiftCf fl licit «<1fl Itftf 

IfII (Ablank space cifl Witf 11)1 
•ttftCft trJlffff fICft (it4|\ *A‘- 

m tni) tnt f5i#i fitf •itn unti 
1 r# ficf nut I 4 I fcf lilf 4 
iftftICf tTtfH (Context- 

free frammar) im fil 


iT««i ALGOL ftH nl iJtfiCie 

lfl*l 4 tTfVItnl^t HtWfVfffsi 
^4 mciN ¥Ci ffti nf c«*li trffis 
fil fCltf ( #1 iTtfll fit tTfltii 

tci nfCii xitm ncfif^fi 'frcftfiri 

11 fit! (fllltl HCft tlflffl 

fi’fiti I 

Bf^culi iTffitu 

(•) A-*Bc 
(iO A-*aR 
(iti) A-*B8 
(iv) A—♦» 

M (i) 111' (iv) fit! firil llffll 
(Mormal grammar) id 11 Kt (ii)~“'jv) 
fid ^ifif mill (Linear gramnar) 
idil Ctllin ^1 (ii) f (iv) d 
ilflf UtflCI ifif 1 ft. 'ttCf tn •(*• 
Jlflt (Right linear) 4ft CfUttf *71 
(iii) « (iv) Cl ^iflf lirtICl tjlflfl. 
tltCf Id ft1 Jtfif (Left linear) 
ITff t11 

mw Itll 1 4 Ifin 3 fltflCIl 
ttif ffi fl, ffl tin 'ttti dnciifin 
1 

•imtct uttti 4fl ftcit tttn 
aniftfti ten i<ii (fcf 4tt cft4 Hr* 
tttit nclrtflcii mw cftiff-litftf 
(Cb jmsky hierarchy) tIfVCt lll*f 0,2, 
4 f ?tflf iffttltftf mWfftV fll 
ft, trft tciiiTf fw «| trtf dt 
ftflt 

^ftf ^tfif tiiit «fii w aidtlfli 

( Finite state aotonaton ) 3ft fit <ifi 
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-► 11 b I 8 -* c^c*rf fiitH^r 

ctn 


^iffw w 

5»W aim 

f^fsf W 

^nfan ^1. aiti f^jp ( Compon4*nt) 

itiOFi mill wr% t«i 

fVlW lift (Control unit ) l ft«f i 

ffvwi ncf n ir^ftff'fi I 

ffrnPlf itW Cltf ff^l ( Tape ) 
•Iti lit ( Reading head ) I c^*l 
mVlft^raaf ^ 1^1 m.“t 1 cl*f ( Tape ) ft^l 
lUllfil listen •fl*^i 1 ( A sequence 
of symbols ) Hf »1 '^l»f { String ) I 


•iHnri (Reading head ) itfCW W 
Ifircn ici fin i«i €fri itw irt« 
nicii lltie (External world ) 
flfiil I fti cifl 

llfin 0 aitutn lift ^llCi Ittf 
( Correspondence ) I Cltf ffirtn 

^tftl HWf# ^ Cfllt 

frit I iff > afwfti 5 tln 0 ^TtifWi 
Hlf ft 11 fl, itfn •ill# 

inii fwti (iti^rirtcii irf iv •iil 8 
UvT^w ftn’* "<:i ^iTtfi) itfiri 
cftf Cl. > «tn 5 tln 0 iTtutfi i 
fistl IfW ( Loop ) clti «irf 1 111 
fici itri I 111 nw 
f<fi mil nfiiui w lit ftti:ii 

oif fllf itfiiti « Iti ICf fV 

<f %fi «tf« ettC'tm <*• atilfii fiii- 
Jil ai I ra>£H 'sifiitf Ciil citifl 

tllltfli (Hi* rarchy) fulfil aillftlf 

i.’i 41 i<ri« itStMiUa* ntiffii f<« 
'it ciilrn I i 

in^fi ncff it^«i n 

Itftl 111111 1 sf^ » 


ITtl’W 


hPri ntm 
•tlhfSCf 


^tfipii: 

mliiilcii i<n 

Turing Machine < |fr^ Clftl ) 
Non'deterministic linear bounded automaton 
Non-deterministic push down storage t* 
Two tape automaton ( fl$ clll ) 

Finite ., Cllfli Wtftf-ll) 


fwn «Jtitf—nl ffirn fiini Rinmtf itHi ntf ncirn « 
n n t n i «tif ilf^tf^itf dim fwill I ^ti iitiitfiti ir# 
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in Wf c^ilwti ^ fnvn tw « tli «1% 

fiifli mm ^rtwf w nwnwifiii 


^ WCW 


(1) R Chomsky and G. A. Miller Introduction to Formal Analyai* of Hatura] 

Lanfuagei. Hand book of Madbeauti- 
cal Paycbolc^ Vol. IL 
Edi ted by B* Duncan Luce 
ft al Jooo Wiley and Son*. 
Inc (1S67) 

(2) N. Chomsky Formal properties of Grammars. Ref. as 

above 


(3) 

( 4 ) John Lyons 

(5) 


m «rf 5 nt, If 57) 
Introduction to Theoretical Linguistics 
(Camb. Untv. Press, 1969} 

Noam Chomsky, (Fontana Modern Masters 

Series, I97D) 


•aitatcfi ewti fsmlaft’fi c4 ’itfi U 

fsmpi mtatcwi nfm all. vsi ^tl i • • • ffio 

ai, leiita ticsi cfan i >irimi ilfcw cfci 

c# ? atfcsa nm c«i if fm mtvk ? ftmMaw 

atfVa. Ill 1 111 

rsmtwi fail ill «il iti, iff Itfari iff, 

W ft cfillw ffa, ffmltii c*|fl n T 

wtitl atfinr 



^ ^ 


1917 >itcM rti'jfri f«rti ntwfiftf 

f^<rit« •!* ti| 5 . (Dr. 

Edwin H. Land) ftlfdffffi (Photo* 
gnpbjp) ^1 wirc« WtsiW^i 

•gf ntiHin cnt^gti® «wt« 

’fTtWH (Polaroid Land Camera) Htfif i 
feti w >rrf^ ftwi fTtiw- 
art^Cff ntd) fWI—Press 

the button and the rest will follow 
automatically. Cefltl t^*l, 

I #.C< I «llfTl 

’Tti ni ecl 

( Developing) al (Fixing) Cft«r 

c^l t »RW fi 

wit cfs«i titm citfe 

fjtpwtlN atfi I fiw 

ftf ^1 <«c*rtwtcn (Exposer) f#|f1 
nwl ifl ticfftw itni in cfftw i 
INI tm cw c¥Pr mi, cw nlftni 
cnti rtw IfW 'iicw wnr 

tet tm ftif HrW I ct few nifiti 
tnlirt fftcfttf mffcv 1^*!^ ffitrifi 
^ •rtm w. ec«i 

eitC^tf (Instant pbotognphy) i 
f»l« riKni eiffWtffiW ( Ordinary 
phnlogfipby) ntcw g,W c^m 
mtvi 

eflwtf R^rni (Photo 

chemical reaction) fhf 

(Pbototeomtive) f< *rfi' 


tim igfari >fwcff W cerift 

^ fCl I mcf 
fcil 1839 fffnt 

»7tsftltl ( Louis Daguerr ) Wtt»ltv 
Ifftlf'lf nifW 'IfI iTfl egd fl?) 
«f4ci W fii 

•tCll ^^fltCfl WW llhud (Fox Talbot) 
ffW It?! \fi fCffi 

-af)f Iff itwi llrt*id trfafitil 

wil ¥C1 eit»!Ctl fC^grtftem I 

ifi citffti wcf etfftci t’f nt fhf 
feac^ *it«ti 111 , c»iff5j tafi fit n 
ftcalf iWtei nt's.fl stwcH ill 
nte (Unifomly) ^fa 

fi fi cfeitmt^nw fnanti 
(AgBr) a fwH (#l«dc«l (AgCl) 
fi«icf feriti fici I fclli cftMli wcf 
n fftciitifnii! ficf ffisf 
tdci itieti ore’ll itcfi iw 
’clCf fe:*i» ei filwi fitcuti 

ntW Cfff ff'f fCf CSlfllli 

cftft»i‘«w if^i ffwt ^11 OfCT nnr i 

mtfA fh| fff fn»i«t« ff^fi ain 
wfte fi cl, cifiHtl (Devc* 

lopet} artlf WW f^CIl nrfl itltlflf 
ifici fifH >!if filikf iw^ ^ 
«tfa f*r*»«fi fflftlf f^fi ftttfi* let 
nm fw»Ti fiti 11 1 

•wfii9 femfi wmw, 

wikwim-9 
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wti iw •nirtf* 

ftf ffwi %nf cw ftir fP« 

tHl ?r« flfiftf (Latent image) i 
»(«*!«, 'ffWll’ (Filer) «ltf tif 

«rfti f^cii ar4W<^ c«v!«r», 

(Developed) ffflic^ ^ffCl ffC«i. 
itwi ?C1 fpl 

•ffiin ^ci src^i c«wt« ▼tfin «cn 
fn*i»ti #fi<ifei c*icn <it»« 
®tfH« «rrct 

’tiff I ’ll* C3rcni8« (Negative) l 
UNtl WtPr, ftt»n stifl C¥M ^11 
ftffetiff leevi c^lf f vitc^tl 
'•II W (*11 I ftc*l I*!, <»tWi 
nf*l «jfr« c^cw ci*1*r ntwi 
tffi nfftflCl <51 »I««l Itwi p!1«tl 
ftmls ’wnfiir*'* <r/#cii ’•ti cfcfi 
afifif ur'i ♦tw 11, ciif 

Piti ff 11 itwi 1C51 it^i 
^•ti iiti I 

ci'vici® tfiif 

•Cl ciiti ni «c#i itwi •tiit^fici 
♦tent iitf ftcni ntmtnfncn nttt ciili 
icn 'll! im ntnn tfii i 

ncii ^cm cicnNci nfnfiJ* 
fit! nif«, cni ’ntdii i 

ifi itntnti ntfi itiwititi 
f5in«ti QFtitlcwi nt««n ran ntc»i 
cni ♦tnnttiti •ni cicnNcf citi 
♦ti ^ni «♦ fini iic*ri ♦twi cut 
•tfnci w nm f#ivcii 

nci utmtcii ntw Hiiitni ti, w 
cimUr*! ftem w cnci citi iittnt 
nfiil» c«cfe cnci nni nt win ^ 


nwn mwem Pinwtw ortitli 
ttci I f«f it^ w anw f^i 
cir^i ftn'iti cititl«w 
♦Cl it«i ^iti ♦cii « w 
*^<-«flFiti nf^itw (W*t«. 
♦fici {ient iftn^ ^ •ttw 

itcii 

♦fii i\^tcn mtw nil W91W cnen 
fffiivni 11 nfn$9 cK^tlzw 
♦ftcjFUtl® (KAuCU) Jicn fn» 111 
wiftt I nt «ff#ltl Itl (Tonigg) I 
♦I Win fif ff| ci\nTfli ilfRiti 
itit ici' tfifrtcf ^tii w 

♦Cl citcn I 

SAg + KAuCU-Au+KCl+aAgCl 
iw It It iifti nil cic«nfi^ 

c^tfi^ <tf»itf5cf niiti ici n*^* 

♦ll« ^Cl I 

♦itci ffti ’♦tnt itf iMfif ♦tinti- 
fnidi ♦iti i citntici® niw ♦ ifwii (H' 
fiijiir) cwici ncif^i nlitii iTtwiti 
1® I cicn!&«cn cicini fit ifi^« 
ifi iHtwti ♦tifei 6cn ♦ittwti fuKi* 
WMn I ♦till If 11 ntitu utcuti 
CSC! ni fniwi fin^i ntw® 
n ml* itfif ilJnit® fV|i 'itwti* 
itii^ cnmci® ifi itntwti ntwi 
♦tnnf itnut^ii luifncf ntfia 
lint n ♦! fnitni i 
♦I iinuti nw^t* n*m ill #w 
citn itcii cn«?ni nm uti w 
cnin09 twin* citn (n). 
ifi iintcnti %ncit% iwn nttl wmw* 
Citn (1)1 '4 1# «!♦£♦ ^nwmm 
iPiti iititf TO ♦miiti TO* 0 



(Cbattibcr) mil I iftaw ffiNr |%« Iftf r« "iWN 

mftcfc ftw «iW« a^t^ iiri tncM iwinti ^9 w« *itfi •ffwt 
mftil cwiik^ wcf c>!nf«w ciwi «ritt «i fftwiti Itw 



fjii 


cnt«rtin» ^CTi! 

^ ^ iitw wiji ▼mwi nfiHJ« cit^^ ftcf, 1>f 

ff^ti »flf ¥« ftl¥ Cf. *lf»lt«!*rrf (D«feloj>iiig 

^ irtw« 518 Clt«ICf^ »olution) (f) <rvrc¥ w» 

ndf^l ciftfi Ijn cffifcii (» ) ciw c?«ii %% i c^c*fde ciu«J« 

WfM ffCl »w *ftri f mxn cir«it¥ «t 

«rCW Itl Vtn (Soap) CTITI W Wl C^^l II lflC¥ w del I 

> til cititi citilN dic^p <11^ n m ifilN citcii itci iiti»tci 
tfi ititwtf itft ¥Wwtf icf «ti oixwa Iff Ilf i^cf cf^fi 

cfcn fti I If ifilipii ff itf iti I 

fdti {Shutter) lllti d| 111 III tllCftItWi Iff fftl ftfltl ftCI lH 
fd cfHtitf fcf cicifN cilwi idl» till ciiilN cifcii icf fil 
fuiff fticf fitcwti emw (w) (Pttiud) ii. fii 151a. ciciikfi 
ftiti mPn If, fill ftut dcf tw cwfidt ndwt fia cicilN citi cici 
ici iti cffid^*4i ¥tf I ittl8f cifti flffficii ftitffifw 

ffUfdf ft CT t fd i c i uifi *rtfi (Ttmifer) iifiwt wn itcf f ntifw 



2)0 "'iWNrAMfir 

cwt^HN tw cif i *|iit#irth 

nfWNr ffftf fCf C«f«1t <rtl i|fw # Cff 

(Re*eiposins) cft«i I 


Cin»li Cl m CICf 
«if^i ^tc^ti ftc< Iv, c*T<rtc^ <rtwi 

ffW 111 Htf HTC«rtf- 

nfrt ifc«i 

Ificn Rncit% iiftifSif 
fiT Rnffi ^tcf k ct^i If ificf 

•iirt<i 

ifllCltfJ f5|*l»U ftflH fl{«« 
(Comple*) ffi C€ltC>lf^^ 

(Processing? reagent) *rt«,«l SJC«K*H 
W frci (DiaFuse) fCt 

CltCf III ft^tiftffl C^l 

iw ariicit»ij fie«f Piffti swi, 
Rnfff itfiiftf 
•itli f^f ftfifif fii 
ftwi fittfsi ff?! fi nfifllf cidfi 


ftfel I ffl fcf fitifiti iNiw (I) 

cfcf ff^i cfwif ff>) nfftf 

Cll fCi CffH flMI twl tf 

m nfifti I 

fTttft ffw wen cniftitif fff 
fiwti f’ci wtfftf irtiti tfif 
Cff«1t lll«f fitcwti ftltClJ I 

w^fiw fTtCWI iftl C«ft<»tltlf w1«« 
fff (Polatoiil colour film) ff^ief 
f^tf fittwK <ffcf *ii»!i f tf Prc»^ 
15 )^ tint Itl Clfltl 

fcif icu I fcfei4tff oiia 

fCn £*1111 

•Ftwten, ff «rv) 

ffftf «i 11 fcfct? fCf. 

■fftff* ftffi CW HI it^ 

f« fftlCf I 



Aim vfiial 


«!#« c«%i ftfii ^fc»i tell *ffliti •rtfl iw <^nK 4»ll «w iA>rw w 
fti t fiffti -Jilt c4^t fw—4il jjri iiliftcf 1 ) t 

m^w fni c^tfi cw ntl; cw— 5!5 |«tfti c^w 

>nMifif, oFtnrvl. sitltli- ftlffin «.n w > 

cnfiRj fil ttw 4 « ^jutfwi- citcni nw 


ffI m 'Iff I 

4tWtfT fHci 

fciq, fift n«iai '•tCi|s»'Vf#rf 

(Shallenberger, 1963) f 'iff f^ffi 

irw > «h»ri 

f» ftifftm (-OH) tni f 

(Kuhii)-41‘m ftltfw 
4f«f4fiit non n* 
fnhn -*firt5» fW I 

O-H-O-H 

4-^- 

} I 

^14 : fticff 

4vt««cwnicf c^cw cf 


4 %t 'iftw trtft« Mtt^(') 



fsoi 


ff^fi cn. ^1 ff^cftc 4 *r 
fum tni Ati^ I ttliftci^ 
f»l ffi •rtn, ftIcTi 
it^ntCTr 

nHMtA 

«Cfl ^if (Bo9<i dHtencc) 
TO^a-SA* ctKf a^A* nil fcf, m 
wni f<f iKin I# 


gauche (cwnf«t^ ) ; 4C» fft 

iflClWI in 2 86 A* I ( lai^ fw ) I 
(ii) int|( ecltpee laife. «ri 
fl iflClWl 25lA*l 

-OH «r^n ifef Cis at edipsea 
lanta (2aitiN)l 

inf». n#fi at%:« i ntiti c^n-, 


-.CHI qfn ti*iirwni ««5 iitiA*- n^ni* r<«tt. nnnrcvtw «m*. 

itc« lint'^OH 4^4cn< i%«cnf«A ff%fMi-35i 



-OH #wi eclipied Wf^tC^ *riWti itH 


27^ 

•fiiri 

tt^cf fw? wfni f c< I 



2^ ft* 

(L !t Spectra) n1- 

c^ wtwi ^ti 

■i#ii ai%i «•¥<& ^c«fwt»rj fef#iti 
ute •rfle^ ei 


Wt' ^ -OH fW «reiite 

^t^CVar fvll 4|kei anffVI «iC<! 

ftln im nitf I 
«ri w crrt fUct, #» 
fllcitciiai €«fW Cfl> 

»ffcltrw WNt 511% «ii 

wf m ^jWfdtwi 
(Galactose) ftb $^9im efc*W1 fkm 
•Item ifk •»! I 

(Intra'inolecular) ftt{9tC«<r <lt9t 

»t#tW mW C^l I 

<ii\w *iNt*ftf^ 

oreffv CIS -OH e([^«t<ifi| ^ff cetftv 
enir<iwi (H*BO,) w c^fN nU 
»cf, wn awn •ifeetf^i ffi •itii 
eiHtt fttiirwKl^W ¥W CT CfUtH^fSl 
(Hcxose) CIS -OH 4f«rT^ WltPUffl 
(Anoraet) te,«n spri# »1fN »fpil nfi- 
fT« »H Trans -OH «^*f>rnf 

^jtwtet««fii *iftetf<»t ft»r i fet- 



(Mutaroution) I ^I^ClfCtn*H VW ttCittHw ft%l 

^ (fructose) iflwtiiv; n wtm fticftm (fit* 

m ftW pffanose cw dttt^ ^'t cfffw 

jii«|Siv iHinnow^ nw 9^ mm 

edlficcd w CIS wtw Wi m ^Nn il*r W CTlUf^Iri^ 
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«««jfltf^ « ^tcf I 

mxK ncf net ~OH 

ff c% 

cilfff ^Utf^CVl W fl 

«« ft>lfttw^ lf« *Ttl I Wtl 

f^it it*T vnt \ 

A 

«ifrPfW »fci ¥ii»i w«f: •ift- 

ftff^l #t>r j 
im ^ti I 

« i?rtwt#c» CUfff 
l^W ^fi f^li 

VfWWl^fij ffiltl fifiin vett 

njtwrif wn*! nrt«if»c^tif iHs«i 
«\»r ¥ti» cftfi (ftTif 

wnf*ir®i ¥«fiifcw*Tr*it*Tif-f 

§ft Cis - OH #-rt ifwl m (c^iifi^ 
wrPr* tiftw [rridemate] f»in»f«). 

¥tfrt c^i. f«sifr 

-OH nlCn c^«r »fiwi 


wrwtw ^itfnwi ^cf f^itf 

C»W< Vi cis -OH »|\itl1 
tf%, ^ti c^tffv ^rtfnwi ^cw •IN 
fini •wii • filcftc^s* 

^ti Pilcw •ifiati « 

trtcfnws? ifv wvi 

»tfNfftfetcw f^»1 fultii 

•CIV Uw I 

•Uf ■t#lj C«»^lc« •!,« nU (Con- 
Sguration anJ ci>nform ttton) 
falc^i W .9 wtfl I 

ni^vi cwti ifti, atlfcsii ncwifu 

(tiut'rmoiccular) 
si4\ f*iNi lijrn •»« I 

•^^I5c» AH «Ji< B—ei¥ •<ic'*r f»«fi 
¥t«ii I it! net A « B ^«ci 



•VIJW •fw W f#i1 •ifcc^ •C# Vll'ff 2’3A* 4 A* lUfl 

(Boat form) <rfw Itf I tftfilwn «af •%fl» i ft>C»tcwsi A 
•Nfhf«-ig:«lv c^oii fN) i B c^ cfN ofli w *i4cnitiii!« mi 

•uri^tca fa^lMlNIv^fw •Mt fili •1?nvf c»ftcvr 

3 
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<al <icn f^fwi ?ici c«i^cn 

l•lf^f^l n*ir«ti4 5i(^ fw) I 

«iff 

AH « B oil || 


3A’ I 

B.♦ ^ 

Recf ptcr ttte Sv«it ii'iitt 

^ cnci fW fJMf^fltwWil 



o 



r»i 


cf5^ ^ nHM AH't B n^«r fubt 

^11 AH « B imu ncf 

#CI— 


Bi*ltWS|ftfl c^\c41 AH, B *ltf 
flUSIrt ^ CfHtfBf (Tastt 

bud receptor *ite) AH, B ippfl 

ftIcfW <». 

nm fik urt ♦(« I 




«rtlk fipflN tW'si '9 


1 |HI « ftftl 9 fl iltw •n 

’ll WICff «lf¥ci fw ft Wit 
c>il nt «fti fiw mw I ifini 

rtcf %fi-<t«w ^tci ?tcf iwntcn 
9irf fw I 

«tinf ^ ifttff •t»itt«iti 

ittiH nmt 'i ff*iitcntitcw fHv 
ftw ftfi <cf w m ’»ii» «f 
fWI «tf! ctti fW •w t’Cf 
f 1W11 

<wi 15 , c3i» i*r «i«i\< |rt *itf«i 
w: In v*rt I ’inuftn <<1 ff’t ^fi 
w ffi fciti >4 ft«ei c% 4l ftf%f 
fwr ^ til *11 ^ftnt iift fiitfti 
<• wi wiw fiwn 
VK¥ w « sif*J—il ftwl •tin 
«rir ni ttw w ^cni iffi 
fti iiiUI til TO »fii WC^Cfiti 
ici « «ci «nfi ftiti *ivif 
fiwii *r(<tfii «ff«f Ini %tit 
ft#f fiwi «tfftif cw\n'9 ftiii n 
TOl *lfl filll ftWl fliti fWW 
tif fmn iwti fftci ««, w «tii 
iTcvi niTO Hi ilitf ti^ itiiti 1^^ 
diit TO mi 4f Hffiti tfINtii 

TO TO*v m inm hi ititcn 

(^f TO tii ifi cTO Htf 4» TO 
itTO;i€iii|»eifU«)i 

HffW TO TOS Wifi fttf H«il 


iw, Htii HfTOi, ntintia. 

ttftifi, TOf cHii i Ilf i irutf fticiii 
•n Hfif iin itiwi tin iii, «nn 
Htft TO fwii 

4 ffii Ini niittii lifttiiiifti 
TO «TO ifftil ifwiift TO cili 
iiw I TO c*f tftci ili mi iic« 
fticil I f ti swi<ttti citfi^iiTi 

TOti^ti iftiTO iwi I nti cfliiti 

afi if! iii « TO fftcil Ci tti 

TOt 11—ffftci nr ill til 11, till 

ii fiftii <*f TO iift iit'i fi ficil I 
ii cicf c*r fit Hft fTO ftitiin 
ntf fii i nntii iTiitii ftiCiH TOi 
Ufi f«n ifi ciVii ci Hffificin 
fifi, ii-itifi V nfii ft Cl fftci 

ci it*j fH« iticiii til if TO 

iltlil ilifl iCf Ci ilil ffi iiilfi 

Hlfffrt ficii I titfti iCii ntii ftci 
Jift fftii i» itifCil tif «fti 
n ficm Iciititij 1 ifi Hit i^cni 
4 | TO fiff «fti iicf cnfi iiftcf 
f ici ititc**i I 

iitcii ii iUf TOi TOici ifiticii 
if Hfi nci TOtCf itil iH fti* 
ifili fci iii 4 f ftiili itiNliffi 
cni TO HtiCii, fii fill cil ift dcf 
ftcf ifttflfi Hi iftCiJIW ftti iti 

♦ finw, iii i wi nfiiiii ftnti, 
cif i ItWIitfit icw, fnifi 1 
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1 26it 5^ VtH 


m 

wit«l I «ti|| '»t«1 %Uf• 

f^n i*!! ^8!f ^«ff 

’••WII Jfttttt'Ti: ^Ifi CttI m 
frt cut^ citl nin »wii i 

(Orkney) (Skara-Brae) 

€tW ffe Cfife JftCM WBtfW 

•rfw c*ftf» •il "» *rf •ftfaa 
fv wt« fta f $i< aifrafifi 

« fBw ilftiti »al Baiati ca art^«f«i 
aitfifi inci, c*!«r«ic^ inxw 

fn fll« r<»T I 
Ufa c^fta atff« 

c-i'tati w ♦aaa'ita cntaJftaTn ^a| 
^^ai ttari i *r<fa nfaaW il<- 

•ttfcfli ir:»i viftc^ -f^ anat* aai| «e 
B-wtifttli flcitata fcmi ^f*ftfi>i 

•f». anifi I'aitfa ateil ^aa^r# al#£ai 
>fafi I ¥:•! ft*n f^i af«if^il 
acifaa tw facacaa ait^iaui 
afetat**! c*!l»it fac«»ftri 
aajj 4ttca ar*! ^aic^ aitafc*) i aiianati 
UPati act ^ ati’tt, a)n ancat 
•stfffaf ftaii aftnaati •fc^ uPrataraa 
Ita fa^faa w '•tai cnatw vtcaiaita 
Bif Kani j «r»a ati*t1-f ca^i a nfiiai 
f^ci can atawi» dstwi acai %tti artiwi 
cfa^ta •^11 ♦*:»! aiaa «citaFta aatl 
facB nan »w «tcfi 

ajaBti capa fii %Jcai i 

ditcai atai« ntati aj%a» nf^aPaii 
aiwii aff«rtfaai •m. atwai Iwft 
aircat B«CKi 

aifv aiiwt WBfB an wm iw attt» 
faf^t €twanf <«f%afarn atfati w 
%tft:tnc«iica»nr#n%i Btw nt#nw 


ntfti nw ^aai cata cata am aittf^f 
ant awFtati nt#—a« »ttai 
»w aw an W JitrBi atBiraw 
atif^ Bn t«ici am aiw» aw caw 
aw Bw Bta BW atB»aj, ^aBlf^ 
B9 lurff Ba fin caw ai i tai 
Bft’f Btaw caif iw caw ai ^ 
cal ttcal aatBMFrt aret Btn »tna 
«tna Fti%B ca?» B »ca caita ^Bfi 
BIW1, Bftai t>ci|i Baa B^rn artacB 
BCf ^acBi j can Btcaa acai 
aptn aaatB « ^tcaa <fnfB5?)f «affff 

i«.Biaa B 1 W 1 < BBtia ctita can attai 
■w ati^ aBfa nc? feJcai, atta 
caat»tB at* fana w aca an ¥«ni i 
«r«ta%i bcb b»«i at#ta b »*i 
cnBBnn %T% Bfati BCB atni 
Bcittaca «ti^ nfBca%wa aiar Bat 
B^aa acBi Bat 9ca CB^ Bfaa» 
»wi I ac« BCB faf«a» awa Brti cbib 
ajfa ahiiai ataii cam fa»D ib 
fafBB BlaBfBCB Btm ai^ca BW fafiiB 
aw cBtataa facBcaa ifaatiBB bbi 
aB a^iaiatB w atacBi i flwif fBBf# 
Baa bbikbI BtBB awastf #ca #ca 
b| Ba ^*f¥9 Bfca «bi BW %lwi 
Bft afvcai lf««tw naa itafiBiti 
BIB awii Bfiivn b| Ba fBBftni 

itBB 1% can Bwtwi BftiB acBi Bat 
afBBBBi awB am Bat bfct nm $» 

Bfa ««• ^caa Bf B^naia 
<c«) atifen I Biff tWBrt ca^ca 

ataa BfBit cai bt« caatw ati« f«an 
ca% . f#B f ca m fP^Bit ati^fb 
l^aBB fa B aiffif JB* 



W. ISW J wf.i ^ fwt*l 2^7 


«irii «lm wm 

•tt« ftH «1l liftctt 0|i 

tf^ <>r«^»nwwt 

¥;•! « f^ni i^tf I 

«t^l « *fcf 18^1 't im «?rt 
•ffi Pwcm I 

*iwm %% %m 

Wi ^1 cfWf ^cfi ^n^jftit 

cucntnifcfiiti 'i Ittvl&n 

^•Wftl. t«|»)ftt 

« Jt^wwi ♦! >1^ itw i«i « 
iiwffT ntw \n 

^ftu '•^ICsi 

ni j r^ti c»il <i«j c*itM 

<HfH ¥i1 ^’ll I 

icvcvtftcii 

Mtw |(’i »iw<cM 

iHfawi ilW¥tl ^«PI wtftwi hU 

2«ft 'c Tttfl Jiifi 2»fii ^ii *cifffi I 

fwttftcii < iiijn ^mtii 

ii^i^il ft«l I 

fwupti wm Ftwtci wf5i 
nfif«l I ir^Ti m% 

«^i iwi itfffi 

*rii« ci%i w *t!^l »f tipwi ^ 
M c»mi ic%ii wt 

fWM« «W fiWi ft«j I f 

^yitiiti tiitt f 4#| 

niw «| «f»^ >i«}«fi 

,Umn etm tH# w w tail 1 

«1 ftW <tf 


fl'iai flwflciii %n^ 

nm I fi» c*\»u 
tf, «i»»»ti. Hnft 

»i<i it*i 2ff« ¥ic« fnctcti •fiail 
Cftfe 'Itll Cflft^ ¥iri11 WTt 

•IHT ▼itltt, '• ^IlMcWl tf 

^r4i »t«i t«cii I ffitu fttti 
flltf4«, f^H ^4^ ^f^l't lltil HU 
f Mfw t 

41*» ^«f 4f 

4f^uti ^Mni'4iPrcwi nn r<ntt4 
W '■?*!« I 4411 lif^l t 4fl 
lITnci •Ilir •»f5»«l!U Iffflf 4tf*ic# 
Ml capw •lfl4« #IW I *1* 

♦tn*t V ciCfI (iifJtwi ^lai 

4twi ^ci 'srcfi ^14,411 Hnff n*«4 
iciM «tii»i4ft4|i imtcfi fnitf^n, 
>iari ufwi afitfi rjjritfiw• iiu 
•ifiitfH fwfi4i fill 

citi «t« *itn •itirn iti iw 

if^ri • 44lf4lf4 f44tt4 fl|l «lfi4tci 
•1141 ijiifi 411 imuwr « 

4? 4fcni l{>« 1141 

Hfk 411 icifii*i 1 

4MSf«Wl l^Klt Wl •Jf-M 

•ifw ((1 if4cf mi IC41 iwi iiir > 
4tl f4M 4f«ll iw « C^lIW *Wl4l 
«f! (K»u it»rc4 »rfM wiwi 

411 4»c4i 444 c»i 4.i cn met itti 

« »miC4l WJ fifw C4t4 *f*<4| tt«I 
»1I 4Wlf^t4 l«ttw *imfi44f« 4t»| 
¥1411 iw 4W w ¥11 ft¥i m% mjfti- 
¥Wt¥^ ¥C4 ¥11 «w HtlPlf fil¥n4a 
4t¥¥W I 4 ¥t»l ¥lTNlfl flttwl 4¥ 
4Wt¥ £¥•»! fC¥l 1 



2^6 

«t^ii ^*rww W 

1 nm « «tffti (Post and 

baam) fW '•I ttnciw 
^ fwt*itfTi «, uca 

fi cw fw^ 

tciM I 

nf*w 

nc^i Nk«i ^if< < 

c*!^ «i ^ti\n ffr# 

«fi|C1 m3 W'HI «t wi ^ 

n\M niM -iltift iwl p!w 

Uti «lt<tl 11 M, |tWt», C»?l a|«W 


«rf« anf « 4!f 

VP«p! I iltfC’W fiwtl '* Pfkm 

fti f^w «*tw 
•fi nt f«i« ^ 
in'•mi I 

ms 

(The Great temple of Ammon, 
ICarnak, Thel>es, 153) CUf 3SQ 
^^ti) w •MfN •Prni iwf 

ff«.l ^sil *CI •! itii 

nWi ofenficwJ 1200 •!! 

« 360 f'm !!• X!3 

fi«!i aKi 5t«nH •ttCN fi«i 

cut fiPt •Wl I 

fflTH •ttr '••ft 





fwi—l<tCf I isiw 

1 -w*, 2 —itlc-nlf^i m 3 -<f •<•!! i»* 4—ts^cini ^ ciVi 1 


mt 11* n^KH «m new len i^w il^i (Twsh pf 

^ PfloQ} Kbona. Ktniak. 11^3 #:(4fl)l 

fuel wi msM •wll •«« tw. •irlH M#>f ninD 

wtiW Hypottyle l«l ew IH «W«t ^ 1%1W •«! ^RW ; nwftHi 
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fircw *f(fii I «tw wttif ntc^ fl ftfife 

Pylon t ^tcfi *imcsi I'tlVll « 

(Ofacibks), 'i!fl«fi ci*m 

*f*, 9^ C9C» 

fH Hypo$tyIe ^ CW Cf^mfi 
•ift* w *• w» ni *11 

fw I f*|^ ^*1 « «ts^l 
c^ii fi«!i <<1 c«(»ci« uPrcn ’ftsw 

Cft^F Pjf? «l»fil Cf^»ff •!« 

r»cv if'^« « «r?lc« i^chI ft*i 

Obelisk 

fi»» «f^€t«i}ffini -^^cfftti ♦if^i 
«C’I*I ftcil »!t^W ♦ 

fttfl ««f*itw <•! ^9 #ifl 91 

life?! I <f ‘•'*15 91 
•nifji^ *1111 cfcfe ^l^« m fC'ii 
•••ftcf H'* trsTl 9 

r<iife t*\*ti ^*11 *ci f-ci 

tt’BI I 9tl*ri C*9n5« 

•111 9^ It*, (*iin9 itl ftfi 
in^i9i c^c9 c^mi 9 9t**i« 
9t^ 9C1 fK9i 9*t* 11^1 911 •C'yn 
Cltlf »»«1£^1 9| 199 9fC99 91 fill 
C9C9 ifiti fill fntific»i9 I *fjr«c**tf« 
fk%f\ ltd nfifii9 919 aiCT ctfsi*- 
C9lfi|C9 fwi 91 iwitl 68lf^6 119 
99 9^cw f9C91 lt9 8 f5x7 f} 
6 tfl I 9iN 994 180 ^ i 1873 #C9 
9lt9 9tw99iftm ciri <f^»«n9 f^ci 
ftm fl 99^ 999 i|«s| 9#CH 
mn tni 9|5 m 9itc9 1 

(^llftv 

«tfti ftfiTnn fill 9c#9 iTticii 


9|<9Cf flit*! 9iC91 I m mw 
9C19 9ln new* llffw Wifi 
WU9, c*1 9*9 9fcw afcwt flir 
9tWlW9 911 HU 9ir*1 I fll9ll9| 
99 iTHtCl* 111 It'll «|1 •ftl'^l 
initial fifiin 4ni iitwwi net tit* 
C9CW fit'll I ft 9nit9tl9 91 tt ftw 

ttnili ttf hitfitt ifi'i #11 ifwet 

tlftl fCl Itwi icil > 

•rt^i rn<^icwi nwtfw nfitiwi: fii 

99ti fin; 991—919111 (Maitlbt), 

itt^i fniifi* 9 niffcii ntci nH* ttli 
niifi I 

ni fniifitifni itir itititi trti 
^t99 (Gircb) fill? filtfl® fiw 
#ci9£9itn ttfni icir nnsti it 
nni Cheops (Khufu )-11 fiii^ fnirfi* I 
’Si'Jl tttrt llttl 11W99 9lttl 
iifi 9| fmtfiti in*: 9itl fin 480 
I 33 *91 ntiti ftff 9> fnitfii# 
*ir^ci ttti I inci 9i i<f9ti 91^ *1 
91919 fi9 756 nwn 91 nils nH 
# 11 , wft^, *j4 9 nf-ii fwt9 fi»9f 
#91 fwt* 91# cwct 55 #fC9 f#9C* 
Ifltl ticin 111 1 9Wfl C1C9 Pfltflttl 
fitci 99# ni »1cii rwi9 cm emt 
f9| fl <ati ifiti ni nn# irtiti #*im* 
r»t9 #ti cm t Grand Gallcryc'l 
fnci cni *tici 1 9| nitnt^ 7 t# *#fi 
9 7 T# 6 tft l| I 9l tftnflli cm 

ifnfl flew 1 fMif* It I 9l 9t m9 

8 |f9x6 Ift tfcni t# Cff> ttt 
fnirfitti itt« tWi icn cittf iff 
wtfn t« 911 nil fiirtfi mi 
ittt tm# flift^ti wewf mn wi 
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mm € fWf* C ^ ^ wi 

C*| 4««1 tiS 4t<i icsn 4t« V«tUey t>uaato£-«l ^C1 iClCt 

4llt« CWfl^ C<C# «» VfC», Chepbrei>-<I l^Wf 

cnft^ «<Cf Wfi 4f|l nn Itcfi ftcf IWI »wi it#j Chepbi€n*«i 
nn c^frt i»t%i w« iwi Pfcii^, ftf ii ?tff 

icici» stiffc-ri lilil fwi n<-Jtfi» Pr^cfi ^fw 





1 — 2 —^tqsfaf wrtc»ii n<, 3 -«rt« »fn«iti^. 4 —ituti 
5 - llJ|« f 6 — 7 —’TfltH nt^M—I 


»icf *{i I '«l8i 5|5 13 6 If® »«fi I 

®fff ®ti cffJi 240 ® iisiti 66 ijli 

Cfll <«®Pn HWI JJKWfCf « flc®l W ®l 

nmfli ®tcn iH^tf ®cf jftJifif « w m9t9 l>iti®®Pic® wcfn 
V®i ®ci <fnrt®^i «flff 1 ® nWit fw 1 VaUey 

Mtti Njtffi w ®i4rt ®iw buiidtfi«.®i nw m tim mut 
ii®r® ff»( r nHi Ifttw itwi 

fni Valley buildiDg-® 15 ClW Nitfl ^«*t1 >r« WI 

CWI n%fl fftl *fMtH w c^l®n 
®t®tct ®i:i®(l ®tli fwi ®l n4* 

®fti wij itwti nivit (iifi«f« *itfr« 

«tfwn 115 fI m ®icif c>i>fi tw c®t*i r«w ^ti m 1 c^«® It 
<Wwi I it®i Cbtopt-jn tt%4f• fin ®g(ici 

«tf1i »«l ifi oiit»i«!^t< 

dicopf®! M6 ®« ♦ ttf aw^Wfl fttf glfl ||®t 

irm Chaphreo (KluftaH* f^ntfl®*t ®1f>l cm 0 m Cl, ftf 4«t 


c«a9i3} m 


Cill IflM ftWtH fCTf^ <1 

itfwi itii’• wrtf ^ 
«<ti^ fif fTW f fir»i ▼tff^w ^rttn 

^ iw ftftm wi 

*tln cfw mwti <rtfi « c-ftm 
^<1 fw I W! c<rt»ri itrw fffi ^ 
rtti! w ¥iriii >rit« ^ifipcfi 
55^ «r"W *nK c«fftw «{! 

<1 >iw ftfN 

ftif If ¥11 

tt¥!i ¥| ^¥1 mRff*n firif 

l?tf1 ttfWI r¥icii wfiic? 

^c¥t* itw cw ft¥ii 
smw ¥iwtl ¥Cf <¥ f¥1 ICWffW ^ff C«! I 
itf^cwti iini ft^t¥ ¥f»i¥ f¥rff ftfi 
¥Ntcsn fC¥i I sjcifl w 
nfifi wcf ¥«!¥ ¥tifi»fi ntw itwt ten i 
nfftw 4ff^¥: cf^9- 

¥f Idf ffnl Ufl ft¥i I «rt5Vi f5i<fltrni 
fl4t ft¥ftt fiw l ¥«! fl C^, 
nn frllFCfi tfi nwi ¥ii 

fC¥1 ¥<W •ftmt CfltCTl «t^i 
¥fi tr¥C¥ii ftlwi cfitwf 

¥¥tr^ wt^¥iti <ii¥tn cw* 

f¥l¥tnt¥11 

^>1 fmtnifi ¥Ttltftfl C^wtl 
Tinrwi ¥inti 

^IPrtCT CT ¥tl! fCffw. CT¥f*l 

¥rm¥tf 1 ¥titw ^if¥ttil Hfir fnft¥ i 
ff¥i ¥ nrnn <y% c fi fwt> 

¥tfl Hi# ¥tfi^ 
¥ l?l¥ftfWI ¥wt¥^^wl¥ 

4 


^¥t% ¥ii fcifi¥ i mn 
Cl\t¥¥ IcN hfi fiwt ft'jtci f¥W« 
vrnitcif wpt ffcw ftntci cut citt 
4l¥f»l efnt^^fk ¥W 

¥«tf irf¥¥f¥ ti¥ ¥»l c¥t¥l 
fftl ^vn ¥•! ft¥rtSr¥ ¥11 fCfJI 
util Ftiitci fiw *rtitn *iin ffwi 
trt ^tfr¥r¥ fi*i If I fun 
IW tl CW, ¥t¥«rtffl\ ft« C4C¥ 

W^1C¥ l¥l ¥llfl WCf Iffl-etS^l Hfl 
fit fi ^ I ilff w «ritn: 111 

C1C¥ 1¥«¥ l¥l ¥Wti ¥Wt X^ »lf f l| 
«rrJlcii iTift ¥11 fcifl[«i» 

fiiti »ii«irc¥ irftit 

*?^mcfl lt« If If Jifi 

ff«tl%«wi (Memphif), 

(Thebei) ¥ ct«|-¥*l-¥H^fCl f«fn¥ 
Iffl, iffl W 1 •rtfl Cltt 
Hft fit fftfiftwi wnticm ¥tcii 
ffft ¥ftltfl lt¥! ¥ ^Ifl lifkfl 
fliflU f ¥ffl4^1< f^l^ltatl ftftCWfl 
4l fUftfl 14’fttll ^Cf Ufl 

i^tcii c¥t*i ftiii nffii iri 111 
fil *t:¥ frtll *11iwi lt¥1 fl¥ 

•W ct*|-¥f-¥<Xltl lf¥f ¥tf 1 ftf ¥tf 
lift ¥ j lUf 5¥f11 fl fl IfCf 
Itf 11 Itli ll¥¥ filf I 

¥tlf (Kalitiii) 

«fi 3000 flri4tc¥ mill ftfri 
litfl (DUbun) f*fltflC¥i flftl ¥lt¥ 
fi|» ftflfl. ¥ ^iltfltl ifitWI 
¥ii ftfi If 1 tiflr fit infff I ffcn 
Itfl-fTt Grid-iron l! fflfl ff 

fIf 111 (fWti W fit fftfIff 
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iMt fim mn tntrti 
fim I oitl art> iJH- 

'•ft •ft'^Htft >!firf^ «w^ ^ i|tWt¥tl 
«Ki«r ftfw ntiCTftni 

ft^tltWf ww Mft fw I 
c¥t*r ftm*! an. fti ort^ «!• m 
c¥w. carf*n titn <rt¥t«i i 

•ftcfi ^titV9 Wm •tfi •^*fw 
f«nll m i •¥!• mH. 
«Tt*l6—ft, iiH artwi •« 

wtf wit ffttW <ltfC«11 
awif •ftffWV ••fWl ftc» amn 
cti ••-»!< ww 4m w¥tft 
ft4|| •! «?• HCl ff 4|1| 
cftai ff c^tvrff ^n^nni w 

ftf5l fin i wcWfi f? »r4 cftvfl 
*141*1 Vf ft«i *44\ Inn ntfti m f»rft 
nftwu Iwnnn «t*!tn 

nftm« ini m *fttll nfi fnm 

Im ftfn fin i ^r^itnn cnl6« nvs nnl 
ftitftn Ufi niri nn m mfin • n- 
nt€ti f•twftfti <icit^n mi I 

nmn ntIJi ^•ft 4tfft n| n^ aininfn 
<mn m cnti i 

(Tel-eI-Amarn») 

mm m« •• ntm unm nn 


mil nrtmtcln (Alclstiiattn) 11^5 
TOW i-n’nfln Hn to 
^ TOii ^ TO Tifinft* ftn m 

4m t* vftftH TO a>l TO iift^fi 
TOftn I 1 ^ TO4lni 4it i W wH f t 

• it€^ nntftnfn ^«fii TOr ft|!* 
itftrow 4ttni ww <>n*nn-TOni ntn 
4fl ntH m Nfii nnftn I 
•W¥ ntin nl €r4l wfti ftni 
ntf fwtl 1^ wtnii4 cn. ftnftw 
4rtAi cw >41 m® fin 4^rntii ni 
artn® ftw fin n«iw 

d^ralcn nnl ifni ftwfnilfi to* 
ncifini TO m® nf* fini 

nf n» n^tiitn ttwftifni 
citl citl 4f^firn ntftnnirc4 
nfif^l ftni TOin ntffi nftm ftcn 
fin 4*14114* n itit44 4i4*v ifffi ftftn* 
ftcn fin cnf4ti n i 

«ft5fn ftniff nfi-ftwtcm cm 
ftf4n ift n ntnii ifi ft, TO cni n wti 

ntTOTs ftlft f4lft ftTO ( 411 ftftft*. 

nftnlvitft) cfci in 14 c4, cni mni 
^•ff niin ft’iil 4tt^fnftnifiirnt4iii 
ftnmti Inc4t% <414f n tifttw (in i 
TOi-nw TO fti^-on 4w in® •cm Iff 
ftaii «i nim cntn ftil 4iti nm 
cnii 





nifi «itfi 

^wtl*!V C^ f^Cil fltff 
ifit nf-ni 1# fTtf, itc#t m tf ifi^ 
I *lfrc< ^twt (Ionic) fwatl 
w ^1 <itfr» 

•rn^ffiw «rt^ vti 

<*l ifin ntvn fn in 

C1^; ftCirl Iti '•ft»»^ 

•W •ff'ni «!« i'R! wti 

«i I vffciffi fti wtf ^31 *rftft*\ 
wcif fVf 

ntmn n«ti nfirifi: 8f9 

12l 4f»w% Wtil 

<rfC¥ «ff^ 4««f«| 

nwftt mtt Pi^il 
(Normal) fill \W <ftfC» 

•Ttn ff» itw •**^^** 

«f« mw fini mnt «itffwiJ 

ftjiw (laolatfd) ft«»l ni«?i 
cftwi lc^f|4 *nnt^ 

CW irtC*, ffl Cflai ftVf 

flC¥ Cft^ <ift nwfll CftW lCT¥><f 

> ftt-ff nwt^ cnrv cma 

>11} ftfwt 
WIftJI ftf! 49Vtf^ 

KWOTH ffCf I '|#CVI •fWtl ^ 
Riw ft^f *nwttji CTinfn 

WlH "if «lfffl WW •WWI wW*! 
ff*i •<f>lWl CWffri ft c>t 


nmniJtcff ^w mt^ 
ffft*f WC> I ft« fIffifit fltf fitfi 
frtftfff iftfttf^fil lift 

Ini fV'ft^f nflffi fUt ftfi ftf cf. 
iTf f •twtl*ifcil« >rnni f4f iTf ^ (Cloatit) 
nfirwcil (Packing) fc»1 ff>f fftl <fff 
flfntfn flu cili fH Mtf fftfff\ 
ftf/f (Face centred cubic 
lattice) 11 >1111 efcet*lr wtfjk^r-fl 
(Close packed iieiagonal) fCI Cfftff* 
ft I f#t fIfcf ficff) ftf fi- 

flf^k (Body centred cubic lattice) fCIf 

!.fftf«Tf <c» cffi cncii 
ercfTfI •fwti)i 14| fffcil •fwtlf itfi 
CW11 littfi fl Ulf w 8l« nif 
wtntmtifif i«ti (R) wit>T i 
fa »•« ffi 6l sircf M5R ^icfi 
ffcfrft filcf <ei^ 'iwi ififtci fffl 
n««rf*l TOf (Equidiitant) 12l 
wtlf ffil citfi U^mn 4ffw% 
nefttf ftfrrcf iff fi etfi ilcf 
•until fWf (C^rdination) fWfl 
is»?N ftf/ffci •fiitii fWf 
fieri 8 f 11 eii« ifCfW f wfart 
fftff cifti 121 

ftijf urtn# •ifwti ftt ftfNf 
41%^^ fwtlfCTi fit ffwt^ wfi 
2^ fCl f¥f Yff (Bondtoi) ICf^Cfl 

• iftlffifl ftfff, liftftff fw 
fi Hw# f^ftfl-6 
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*rWtf W #W1 (Cubital) 

C 4 %, irtu 

C4ttW Iwflpfi »r^4jti c^i 

nilfin (P«uUo<) «4I¥WW 

(Available) ¥t«:*ftwt5fff 
(Interatomic poaitions) 4C4J ^4C4t«f^ 
wP<ti fl I HI fMPii 
(Resonance) mit 

nuefn ¥11 Cll¥ nttl 

««t W^l ¥¥¥ *1¥R¥ IjEltl 

Ilt¥ (Between all the possible equivalent 
paitt of atoms) '«t nif¥«na 

Wl 

¥tl ¥Ttair»lti, ^tcHfilTl, 

<at^ ifaiiwiti ¥tcfrf1 ist¥)i 
¥t¥,fifiHI'vSft¥Ui cietf^nfii 
•¥l8t¥ «a¥f& niltn 6l5 «f¥C«i^ lice I 
C>!lf¥ltw Sl^i ¥11 W Itf 1 Cltfsitl 
nwttf cit¥J¥i ¥¥15 i eif¥ci% 

•filial ntin 8 i ife iwivi tl8 

mit^l ¥W |¥ lt¥t¥ ft¥ I ffl 

f¥¥ttl fV lt¥t¥ ntes? «1 Itl, 

««1 «lf¥W*IH »ri¥ C¥tl ¥¥ 

sril ¥¥|5 hf¥ |C¥¥|l 113?) Sift ¥ 1 C 1 

•ftwi Itl Cftl W fwi>I 

UfltMlf Ilf ¥ Nl |W¥|4 ll4^ 

¥in ltd. ltd ¥[fid% Ilf, 
ltd if<. 111, il. in n ill ill- 
Cl^ llfl) f¥l ¥¥i inti ffllltl 
«(fici% Hfl nit ^itf fill 111, 
^9 HI «f«d% Itf Hdtlf Hi 
fi^tll i¥ti in itfcf niti ¥ 
€11 eif%d%« ftciv <¥ti m ft¥n 
nit^i fWi €liii%i itii, c¥ti 
in It mtt ¥ mm (ff< ii% 


il, w ¥ mkin Cl <¥ti hI m 
itf) <1 c¥ti intiji ftif I 

llltl fl wtl ¥IR1 ¥« cm 

ltd W"lWi will I 

Cltf%ltl Itfl flflf Hi Hifli 

11^1 fliti ¥itci¥ cfittii cm ltd, 

Na—'Na Na Na Na—Na 

Na—Na Na Na Na Na^ 

liK, ¥l liiiA (Strtmturef) dcf 

cm itii Cl, ¥ii¥ 111 m ltd Cl, 
ifjc wti ¥¥l lid wtn nf 
ife niti iTii in 'W ¥ti ifHi Itf 
11 11 ld¥ f^l ¥f¥ftl4lll¥: ¥tfl- 
¥tfl| llftfj ¥1 ¥11 lt¥l Ifltl 
«ff¥ itfifli ¥111*1, itfi#^ init^ 
nwf cm itii ^idf ¥f¥^ti1 

(Resonating) lilffl Cll¥ Na lidl 
t^¥ lt¥11 Itfl ¥¥|8 ¥f¥^fS nil 
Hff fwti fit Na nitiif in ¥¥i5f 
ifiii^ ill tcifticf iti fm If, ¥11 
Na“ 11¥ ltd I ¥| Na" ¥f¥ 
llfl ¥fift» ¥t¥l fftftil ¥lt ¥| 
fflfl ¥lt¥fl¥ ft¥l ¥¥ (Metallic 
orbita)) ill If I ltiflt-¥f m, Clflfftl 
'<11 Hftf ItfllCn f¥l-Sf4[ttl 
nittl ftnflf ¥f ft¥t¥ ¥Mw 
¥ f ltd I irstlif fffft ¥im|n 
(Uaabared) it iff (Boodiog) Icifldi 

Vii ¥tif¥ ¥it fffMiit mxm ¥| 
ffmflv ¥¥ 11 Itfl ¥¥l (iwi ffifi <11 
¥d I if¥i ¥ld ¥ff^ inf fNN 
itiRi ¥¥tf^ n ¥11 flfH ¥| mt 
¥*idi fdir fiHf Id fd I 
¥¥¥(! (Inptf orbittia) ffflrddl 
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«nitw ^cwl Wt 

fnt <wtff« fw cwf J w. ■ 

•»<?Cf^ ^» 

ftfi flwi «rtf * 1 '^ 

^twt^ ni <Ttw »in c«tt»? 

fa Cf, ftli^i ffff (Free) 

lailf ^tci I <« mtw ft«f fi^lf «»ff 
wi fofw a. ftwf 

flOW ftff frtfOl fH! Cffilial 
c¥tf 'ffj6 ffWf nftlif 
«l^5tflTPl »lf*ft«f ttvjfii ft«l f<!f 
IwfItm f5^ -ff'ft ftf5| 
frti^a fi fit«itlf f»I <1 « 

fW ’4fl6 »ii[fcfffr fiifn 

cf«i ftstci <*> 

fri’! (Electron gas theory) «C7« 
(ffU Tfcif #IJ» »<it ncf I «•! «ft«- 
>!ta *fl fJlnecw* 

ffHI (Distribution) tftlffll 

ft<lfi'» tl fift erfifS Iwf?'*. ftff 
^rc’iftpff 'ircja «fc« »kT •iftutf fin 
niflTf fH »4#)j ft^,l 

nifi^nfm "n*ta« ficti 
|R nftfl*i ftn ntffi nil 

ftilf nUftift^F «tni ffi ^cn#l^ 
nrtn wta ^nn fR nfffiiftn 
nMw fti ^netcfi i ven fif« 
ntiftnffff »fn- #1 «fHftft f«i 
|R I fep^«cnfliiJi nfi^rfetf ww* ww 
•tfl fti cf, fffi ntifWft# fircnf 
nfiifin <rti |R i ffioil arm fttif. 
twicff %nf ftfi fittnl^fff w ft^f 
^ mi #n^t Fwfitf mtn 

fttff ftf »i^mrff mfm mtifiif 
Ifftii 


192S ntw c»riftiam <•! n^twa 
ffft^ fcnf 1 tti fc«* cfft-ffitf 
fan titfftil nftp ftif 

fi 1 fifi fnw—«ifil fWf '^f^w 
(Metallic energy levels) ftnlVl Rf’fP 

|9 ft! Iwftf ntfc« ntci (fnfti. 
ni5>fni T« ) I ff 1 #nf^ fTii^an- 

cft*(<*iftf fif c¥tf nfvfal Iw- 
>ai ntnn n^ftfii vii <i ft i nf^f- 
«fn« fifftf «tnnf» kT-i fnfti <f% 
fc*' ftf nnf 
Mft« fici f If If *c »i >< < 1 ^ nw f tn- 
fHii IcnfSf nitenf nf# tcfi ijn 
cfft f®itf ktnfSffifn *WM 

nf»n««f*!C« ft«a ftm. fft<i nfwt nf 
w %l8i cf^ JfinfScfi ftf«iti mffftf 
cfk eit»Ff ^^cnf5^^;a fftfti ^wf< 

ti I ¥cn ftfti 
flnft«i ftf (ft* wti fit fftffta f'n^ 
0 nf# nr*ifH f fi ftn, fti 
fn«ti ff men I cfiff fit f 
nc^tw nfpniff § tc*if mrtnftf 
fttnf ff* ntflf c*tcf« nttif niw, 
tsnft^^i mtenfipf tin n# fn 
an ntcit mfi nti^tfftf 

'iunt nftfti ;r ntf:i < 

fin fpfJffft fttnt ni%n ntftiL 
ficnn fifff ftTt. ftM fellcf cftnrii 
tcfftnft -fftftf cfarffrerffiiff*.- 
emr* aitfJfll I 'ft miflfft cfCf fn1 
W Cf, flf^ftn mflftftf (Delocalised) 
f1 ffcfiirt (Multicentred) fWftf Hf 

ftvrn cffi fill ntfiinfsff#tenftf- 
l« fit n«tfc€ fff fwi fpi <flt 
tc«fftfi,rtrf ffii ftai cf^ ntfftf w 



W fW ^Slt^filf ft ff- f%wtlf Li* m tiw fTWI 

ff#fi4tf«fn fitfiPTfi^N tffH ^^fNicur^ff 
Op^ict ff cfftftf mw "fffU «f^ » y* ‘•fl Iwflwi 

ffiRwtf fFlf nU fniftf Tstfi ftv I ff# nfw ^«trf ^9W, 
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ll «2i I&I f «2s ^ 

^«iP (Bonjifitf orbital) < 4 ^ «2« m 

«f^^avi(Antibondifig)ai1«VI flmatta 
ftRftCT *2s ^tr¥. 

f¥f a2c ai (r2« ttf» 4 \ cva, ft 

W nijN I ^ni- 
w. It brw|ar«fti ftwa ntatii 
aiHifilV cf^i atl, fW 

«l bCT»>l«fitI >|ta( 4 f¥ 18 •tMtli 

Itrtr fawi f^fwflN Itfl (Potential 
energy barrier) arf^Vl ¥fC¥ ^i|< tf I 

(Barrier) f¥f%'*t%l 
f aarti wn arail <«ti t 

lar^ fv 9 (¥)-¥ f8a8 fbf 5 rfti( *11111 
¥¥t8 ntn fri «ritt8i fb ttf fi <fitw 
flltlf fM8 «I1¥'¥ lt¥1 W 

fba8 ntcie I Cl cifi af^¥t¥ 

lt¥1 >W¥|l ii« H181 i*n^ 
ftwi CfTl wtll eifbitl^lll HI 


ftll N HW HtJW «|l H 
aii^fCHI 1% Wi UHtififtl Hlf 
*lf%Vi«ClF (Cloaety spaced enargy 
band) fltti 111 aifprWll* 2p •tiltf* 
¥W itHCH IW *lff« 'IIW1811 
•ill *ii¥wi ifvi <fl nil ifnw- 
mm fivv ni oil mil 

m<t< 2* nnHii* itiwti miinmi 
ilmiitm itf fill fPi 18 w 
aitiifii Cl citi btnlil w 
mUfk iHfi 11^ at w Iwilil 

¥¥11 11 C¥W¥C¥ ¥¥8 ICl C<W 

ifici ii< III Wit m iti Cl, Iff' 

•fbtib iiciiPl lien HI fiiH 
cm iti I 

'i¥itri¥ firiiti ilcfI CTO mtm 
¥^ CltTtlft ltllt8 flilfll’ll#CH CTOl 
ertifiJi itifwtci iici ciw iiti 
H Cl. it<)i niitti 111 Citijitn- 
ifi lit# itii *f8c¥ i¥ii ntifii 



TOnfb mil, mwm mpn 11 wtbi n ifcirft Hint it ¥ci ¥i^ in 
211 ( Um tH fii 11 2 * liitt 1 ITOI i%¥¥ii nn mriiriin- 
nii iftw wi toI n mn mtip i%ici fm hi <il ifa i i - 
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!•« It^wfwr (Valenct 

band)I 

111 Iff Cltflltl 111 I ^f9 

IfltllW (Atomic oibital) iftPWltf 
Vf ftll ifvil- 

W ( Is, 2s, 2p ) veil iMTf -ail fafll 

Cl, l««fi| twill iffii w, Hf wflt 

it WflW fw ltlC« ltd, si^fs. 
-ifwillH twilcil list nftfll 
lff:i irffWlClf H^tcs wciff 
tWflllf^l if** W fill W It, 
nil wftvciwt «W(.i fttif 

H< WfCft cm tw l^fw tffll 
w n sfft If, nti fif «w 

"ffiwfi«fii mw twfli illicit itii 
iififi ^^K ittPit iftiitw «if<8irii 
ifnttf lilt citl twill itfcf itn n i 
wtltf twil ifv’tctt aifaril* 

if^ w wi ittci II, nti ®ttft 
WW fiti ^ ifw <t wi m 

Cltl w <111 iw ItCf Cl. 

"tfv 411 fiiti wm tifii nfwti 
twill ^ m ciw cifici 4f 
ifWl’lWl cm 4Cf sw C1C« ltd I 
flfltwt '1ft fC4f ifiTOWrilf 
twfiiffti itiMii ifti itfwf 
lf44ffC*H fH ft! ftfl ft 

(3s) ft-ffiff I "t i^ci itfi 

twficii itutift im itfw. mi 
m tim w 4fini ici mii 
4 flff well itfi twflifftt itw 
siffW 4lttff vrifll 4ftftf ffiw 
ltd ( II (Bloch) « m wtln 
iiwtiltw'm ffI ififti fti citmti 
cfii ffwi ♦iwt nntftti) iw 


ff-f^ 1141 .ffwf 

HWflt (Concentric) 

fiflt mfllljfi (Zones) Itfi Cftll 

twlwi 4iw-frmt ^ it tiwi 

liififtl (Configuration) Cfll Itf fli 

ft liifinwf m twf tuft iti f lift 

41Cltflf (Permitted) ifirHW f««f 
ItCf I fl 4twtfl4 iftFfWWKf w 
H fil>|nri fflllf (BriHouin zones)? 
filirf ^ iflllCfi Wi'it 4ifim 1^ 
fi04fficf i*n ft ffwim? 

eil mifem «i%w?4 fiffWi fill 

tWflCli 4{1 ■ffvi icitfl ft I 

srii fiiif wtn cmttri iffwi 
icf fi^f 11^ 1 ft cmitti ft cicf. 

Sfi CfTfttri 4C« ITlltWtlW 
flfll W I 11 *1 ir»«CW f 

lfi;f 4fW Itf Clt Iwillfflt ItCf, 
Clffl nfllti (Vibrating) Cf4f Cllf 
icitili' ifpi wttf cm ft ifw 
tci 4fiitf citiin Ml fciii I 1ft 
finsTi'1 fif twfti 

CUffJlf ntinftf ffWIfCli (Over¬ 
lapping) till ft initfi nltifin 
^ ilifftf 4i»wf twflcif cm I 
itfi ftiff f^ttfi wtincff V 
ftmi twflifftf ifMifwn if 
\lt fl 111 ft twfliifi itcitfii 
itMffWff If utifi iT#wPi 
4fim fii itif I mi it twftwft 
fiitfw mitiif Cl itMfiti ilifti 
fii, nn fw. Iff ftifi Ilf eft 
viMii iflfti fii m ’<«i 
fitiw iwifi fif HI mi wfl* 
HffidWi (Cloee packioi) fW 





CWPP|BCI tifw <lrt1 *B«» WWWF- 

^fNitfn ^1 <hi«fW^ Iw^l^if, 
€f <iPr ^itirtfH ttc<F, c^^fJirv cftf 

««i ftr^ «r«tti ^ fWl^i «wi wti 
f! «tf3i *f>fti ^riftn 
^diffN fn 99m 

tMobi!e)( <1 ft«f 

^1 iHtmi I wtiftfm *i*!i 

fl (Molecular energy 

levels) sw aib ifr 

^f« (Pauli exclusion principle) 
WtWT, «I<K C^«l 
•if^cit €wm n>f». cwb 

nf^ciu ^ c^^ 

ntti 9\ 4n 4l flJe tt#ti •ffw 
ifn vtf9t f^ihi ft i 

frtw a^?hi ftff wi ftf • 
(State) facf c<% «m*!tfsri W9\ 
fmi. ’fir* <1111 ^tf 

c^ o»t* fiir* ^tft ¥W fMt* 
•rtftfi ¥ri I c^ f.'ii * {*) fitnf etn 
iwrat at fi ain^etv erti *r(1 arf^- 

?|li* *iati ¥**u ftft 

ftfi« inaf (Opaque) I ail 
nN awat* *ti afi ca, atfi nf*5i 
*tfw* arfb aiti^ra ^ca* at*a 
^latx ^ 

9il <a>a aa I (a) aTfca «if« ti t«tftea 
at aif% •ffajat atm fiiaap an ati 
{smtia^avt (Ductility) aat anJ^vt 
(MaUeability)}» ama catai att ca« 
ar*a artraa ataJI fp ai aa^ artajfl 
na«19n (Lattice pbaes) «rti*afla %p| 
msc9f ^km atwi (^ alf an at 
5 


fHiraf wafbftf)t nwaiit ffbi to 
at atf aPm nan TO to 
nfbatfw itaTO ati TOa catan 
an ca, nla apta.fti f^ii fan TO* 
(Charged) ^atai (Species) W fTO 
acbi 

a*i aiisfba twIaaTO* TO«I an 
an f»fta aata atiai 5* artcattai 
a-na a^artfapil catba at ntrata anti 
ant wata Iwalaafa •TO* ai a«t 
at*a tnaan caai an—aiaa wta ait 
ai I a<t^i ff nwi aaa aia-iifrtw 
affwt affca natarfaa (Absorbed) at i 
atat w catiti al arfi ann ctai 
an I laat^ Icaal^afa ntcaraafipi 
at«*a8a TO aa^ a#ca as,aii afaa 
aifcaffn^i wca^ TOafti f* ntcai 
caai am ntwtaafni al TOTOa 
erai-aHa atfi fataa iBamti am i 

ntasatiatafta >aata aaaDafsi atva 
mu area, fai atffai faTO (Defor¬ 
mation) allwn am at a«a am at 1 
aria ■atcaa atita nfsa^aetca ana 
aiati*ni:^* '*wf Ini fan 

fHf ja an 1 an cant fca, ataa "nait- 
afiii ata cit«wrai *n araiti aw 1 
faijatnt at aaa (Gliding) fiwn %al 
aa afaai tti ca aaa afaa awtii 
alafaia ata tlN afaa Iwta atw, 
caaftl a<tcaat aa aa 4 *li aa aaBani%a 
at aaa aii aita nn/ii itfw 
at aa atw nfiaa ti ii • fraa aita- 
faMwi attaai (Plasticicy) caca aaa 
anan ait v ^ 
aawfin TO* TO ftw * a<f«. aipj: 
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wtiji 

«!frw W¥ti cfr«-rttf I 

<•1 «ri^TO i«tm KPr» fi ff«tw— 

»rwc»i ? 

<tffr» ntftw 
fiFii rffi--«(tfi 

•ffl’iti w a(-rtw «tiii fw wtfw« 
«fll (Foreign) nwtl, 

CW •WW (Gtidc plane) fMf 

«mf!IW ^tl 

>1 fCT ncf I tiwrf 

^11 «iT« ft* ntti «. 

<rtfti »!« •gflJ ni^ij <i¥ n^cf ^f*n 
ff, *r«ti*nL^ •gftfrc*r <gfl *fw 
ff I fff «ii, wtf »rrtff nfliiti 
Ww ft^ «fr»i •i’l 
fr^i r 

•ifl’Ttf^'il, (Semicon- 

tluctivity) •ifl iinftftl>Wt 
eflltl Tfll fH I 'v* 

dfw «ntn f!#¥ f%« f^rci 

r»fVI fnw fw ^n\ 

wnli ’t ^nff- 

aigni nKfi cf, t*ii nfl- 
^iif^i wc¥ »niT^tiv nfiatf# 
nil mi nflftft «)wf »rrtjig i%fi- 
tiif frti wnHv n%i 

<•> ^tt9\ 

€fi vin *ftcw I <<im 

iwl^if• "iflwrttfiri irm fwt? 
ifii f-iiti Witw wi «iRr« 

^frri wfiwr 


[ 26m^ ^ 9« n^fn 

»Tfiw iw irtw 'trol fN •tfjh 
Frti m fti I twr* 

ftit 4vil «m ^ cw ci^ 
■i^f mRfw fr»w «rf«fwi 

TO ^WE t«rf^i Iwtrui fwti 
wn lCT»t< •ft«fi mi I itfi 

<4V¥ ^tnw ¥11 >f\m¥ ICT¥>1 mttl, 
¥t« t*ti itfi ¥f^-nrwt(fm 

¥C1 m—¥C1 11 1W¥ ^W¥|l¥llfm- 
miRf • iiiP^ mfifti TO PfV9 
ntci—iti ^1* I *11 twli 
im If ft^fl Icilll mn (Effective 
electron number) i %ftlillf *f HI lt¥ 

«rii li^i itii. im '11^ ciTifi ¥111 

411 iff •ifiltl^ I ¥tll, TO! W 
iRwltm 2N »ftlT¥ ^«¥|cntlfl!% 
w iw« mtici iifii IwfSell 
N 41t 4t 1¥1 iffVlftlTOl 

TO ITIfl ICl lltll mwi¥ ¥tl- 
ff^ (Alkaline earth metals), 

fill (m), ¥rtifiiti, if#tfii (ifif) 
mil -ifPllTO 2N 1^1J¥ ^W¥tl ItH 
¥w 4it mil iftffiMr *if ¥iifi TO 

df 2N mijf lenient mcitmi ni 
cieif ml w itfi mm 

4i¥i irm ¥11 miti n ci. ml m 
itfci mn mcrni to fWh miff 
(Vacant) memi •rti'mfi¥ mtmUi 
(Overlapping) mtci mitmil^ TOl 
lt»i¥liiuE mi# if|i-c¥nw mmtri 
filti m^< iwf tei mi fern ml 
w itfcim mflvnfiitfiii eim iti f 
ftimn ii%i TO iflifD mfi 
mfivnfiitflmt ftimtm n c¥i? mi 
in mtiiimii fem¥fiii;ii ¥i iwirm 
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IN 

mvtm m ^ wvi ^<pt4 
Wifip w wti ¥CT Ic«i¥t4);ir- 
f»P»i fiF| 

iwi vtvfiiri 4in4 44^ 

Wlf WWf *W4n •« 4tf I 

%rf ^tnti ^c«iv- 
>CTn 4<4 tU if4 ntf I wn %f»«.- 
nfiftfw im«Ni fi» 

«.f4i 4ff c¥*i r f¥i4 

cVlw «44 "rftFw^if 4 frt C4W 

44^ C4CV 

4WtC4 4f4^ |C*f > ^4fl*{«; »f^\- 

^nri4ft> 41 f xfw «ff4f*f cm9 

«44 >C4ft4«filC» ffl^l 

nfiWflW C^Vcf CTlfl "1% 414«t# 

41 ntifi w^r4 C4T4 

lCT4|4-ff4tf »?t ^icii ntw 411 
tftfmin m 4t4—vN*. Oif4f4, 
WTC^%f4 41^ (Gr«y) 1^41 4411 
4Cfl ficfl 4i4 4^14 •4)5C41 l|iC41 
4411 «l4t44: 4fC4tVt 41CM4|t4ll 4t»f 

ni4tl4fCfl 4T4t4tfl 4t41tl 4114 fr»|4 
Httll 4m C4C14 WtlT 1 «rf» 
ni4tif« «44 >ifi»4nw mi iti infc 
414 ^Wfll 4t4tl nni t ffitl 
4f^lWH 4C4 «44 ffvvimf m 
411414 4t4tl 4| 444 C4fr4 %14 I 

C4 44K4 4fi4fff41 4 4r4fi4tf<4|—felt 
4^ flWinr, 4lft4fe 441 fl H<-4fi4tfl 1 
41411441 4fe 444 44C4 «44 W 


44 4f¥l 414414 4fC4 1 
11 4f44T44HtW 4t4f 4^ 44f€4tf441^. ffel 
4f44tan 41^1411 *rc 4 ici iHif# <41 
4Cf «144 1<4C4n f4f |C44|4 
fill! fed 4llf 4lC4^C4f>4- 

ift itnifipf fill ff^ 4K4ri «««f4c« 
fell# H*I14m44l< feiw nfl4ti^ Ic44|.4f 
44fei fec4iV4 i% (Excitation enetiur) 
ti-^im lc44S?4nv % 4fc4 fecift# 
4C4 ntci 1 44—44 4IY-^fc4lff HtWti 
41f1 ntwlffe# (llluminatetJ) 4Ct, 
fe» 4-4tfftf4k 41IC41 4J44H 4C1 feci|4t4* 
4f*t4 feciffe* 411 111 441 441C4 yI 
nff4irf4lC4 441 41 4fcnt4-4f«f|f#41 

(Photoconductivity) 1 0'~4t*14tJI1 41^1* 
411 4t4 nfWlffll lf4i!lHi 4W C4l 
*lf«ltf44TC4 441 41 4t*?)l 4fl4tf441 I 
feCYfifl IC44i»CHi ItlJl 4f 4fCf, 44l 
?rnrf4l44 IC44SC4« 4Mrf4 lUf 4C4 4> 
41C11 ifiitfiii cfii 4ti I jrjtfrll 4l 

Ifcii »fY'-*ifi4l4'l 1 

4tfl ’4fet4 14414 IC44|wi YCf^ 4t#4 
i4f4k,4ir4 C441 nil life# ^t44|C4i 
4411 C4t4rrr4 C4W 44C# <1 C4, 4144 

• 

'4ffe4 4I14C4 44YH 4441 4ll4 ifffC^i 
44i 44V 4^ ItWll 4141414 C4tfJ»1 

fecifSllI 49.W f44f4lll 4lll 4Jr 
IWfll 44,ft 4114 HtflCIt 1114 C'tl 
4d>, few 4|« 4lflf, ?4Uflf 44V 
ll^l 4til44^1 fe\4« 4lfe I 





fR C<C!i ^t<flC¥ 

<iHcti f»f«^ 

tnyi (^cf ^tn fti 

m ¥tf<^n >ittRi '•I •itft«fti f<i 
€if%ff»i« %m%\ cfJi cwvtR 

«rt<¥r ^tc^, ff«tcf »tc» ^1 

Uitlfl ^ttcf c«rfit ntt l•ltff fw 
f3ia cf itfi ^wtiwtf «trf 

W M GefontologjF (G«i‘on»*|f , ) 
<tt^»il« <• «tn fic^ •rtfi ’itffI 
fWfll fr«N ^tn:— 
W fHtWf ^KfT- 

Mtilfif fi^hi 

Clf! f«ci 

«f ^n\ f ^1 ^n»rt5T fMi 

•fw TOi cw^t ^tcf, €rtf «rf«l ftfCTf 
i?hR 25 fH n»r •fH >rfftws litcw 
|f« t«| »Rtlf f?fl iii1ci«wf%i 

9R« ttwr 25 

RW 35 w f^ll 
•irtlfif ft% ftfH «ci f^if^ 
Htw J 35 wi *?• (W W Wf- 
^1 f4w1 m w« 

Wff nitw 

m fvi fin f ttf I ffin it^wn 
Wf ftli iVcti ffli vifi. Iff 
niHi Mfffi ff| <ff| 


ft! ffcf fitf ifm <icf fw 

fftif 111 

fH itffT cff ^ ? f^lc•I fro 
Cft^ ftfl f^fCf ft<CfJl Hftf 
ttN^I Hf cwH a<%f» fw 
ifffllf ff-’fiiL fiffli 

ff-«iii^fti 2i Iff cff r «it ff frwi 
Hi f-fcf ftfH fHr^i ftwfi 

f f I icif f ifi I 

fiwt4t Sxiltrd 1959 ftw fI ffftf 
fcif cf, nfff ftf-ffitHifi 
(Gene muwtion) fifti f1<fT ^ItffWl 
mw ftJt I Hff'fS^cHw 1 iHlf ftfn 
ffKf Iff fi PifH ftit nfHf fw. 
fffi fill fft ff| f« ftfwi 
iftffti ft#tf m ftcf f flwKfi 
iff fff% fCl 1961 ftCf Curtii fff 
ifli fitfi ff fcif I ic*i 
itff ftftro f itrt ffiif tftdff ^f 
ff^ w ft! cfWf cf tfifPfi ff 
irti Hftf ff Ifi cftf cif ffi^fif 
cfcii f tt fi, Cf Hc« fitei 

fftcHcfi n^ntn ff cf% cfl 
ftl ff ff I ffttf ff ^ ^ ^iCfl 
ftftfi cf, itftf ^ Jiwi fiftro fff 
f|CfI fifW Tffliff fftlfl fl» fff Iff 
l^clfcfi nfffH fff ff-ftv fwf 
Iff fffi fttf fl I 

SsOtcd fi ffftrr fffi MffwN 
flw ff ft Cf cfff fCf filcii fWflf 





«!t^ ^IfT* 

ftw «w« cnl^ m 'ifl Hiw 

^^1 ifih'iiti fii Owl 

1961 iw Cl, *iftci ^frtilf: 

f'Hpri c«lti h$f^ ft i 4v ncn 
cniftM til* ff ^n\ 

^iff hff frit«fii fwi tini wri 
c<tfttwf mitwr %t.nf citrt' 

fiR fii 4l ffiti fim 
ctitiwi »fic^ «iff cvt«t ftiMcft>ri¥i 
ip> f{9, wl fil I 

*it*ftifei wti I ■ fjt^m fcf f 
nfk CftCW wwi ^ RNA-*tf3wtCfW 
U, m*RNA, 

t'RNA 'in r-RNA «r|j| w ««i< 

WICI f*! tfar ^«fl 111 

Wti #!Hw f5r«i 

^tc», ^tf "filci 

itfc« «rtcf I 
Harman-'ii wry 
W lew CKHIf? 

UP-riJICWf (Unpaired free radical) 
itinw wtcf »i cf^lf 1 fiw i 
flWfa^ Harman Wl^WI fW CffniW 
CW» IvRW 2-iiMfca|)(oeibylatninc <41^ 2; 
6*<lt’t«rt-but]rtb9lbydroxytoIueoc (if 
fpnpWlf Wtl) ^fl 

WH 30-40 wfw CfCf It! I 
«nf w fwfw irrtfhw 

inoauM-WlfN ^iti WfwiTi (moalna 
wiw cwlwf 4W fp ificfi nfiiM 
Cff >, WWW wwti, Ictf- 

(WWlWlW WW iH I 

fbvr^ BlIrM^4f WCM, f-ilWtVINItl 
(Aufeoioittitiuty) iltWmt WPI 


«it4 wtMi nw itw *itf w 
■ItHflf fitelwcwi W (Sofsatk rnotw* 
tion) IfV (Winphit^ CWP tAWf 
<31 wihffi 'wtwi 

¥Cf Wtl ei« ^IW Itlfcflf 

Wtw 4t1r ^tcit w wcf cf^ 
«*rcR—ft>! if?fti nrt wif 

ww fw in I «4l wet I |i uflNt 
WtintW! ^IfCfl CKI WtIfttWI "WWIW 
•newl wt’ini wcf^ r 

1969 wfcwi iwtl itci witfitlw 
wrti#fr«f it<fy n«fi 
(International Cotigresi of Gerontology) 
wn^i itf wi. ww. wtfiwt it*w 

Cl, fiicii wtwiwn fitlN 

▼wl iilci it<cfn mill III I Urtii 
flwm irww itf ititiiw; W%i wi* 
wt^n iwrcii lii wn fftw 

fifu iici -tl>CI f^I llWftti Clft 

cm miti ifncii iiti l|» 
ftiwi lien c«rtl9i firtn wlwflew 
wei I litiiiw m iti, 
itfcif ipliei ail min Cl ffeiteiifii 
CfH Clf, 111 111 HbF. (HbF,2<*2T 
mi i^lfittf Itll itkl) I WIM H T- 
itiHf^l mi ivfff It II. mi mm 
cii F-mi^9fili wl ricittgrfiicf m 
It HbAi 0f lien man f¥| 
crnlfennffimii well fltcn mimii 
iftifii fi I 

nm mull mw iw ilteii 
icfy iiitlmN mu twi if«i#i fSroi 
idi nm4) mii mcii* 
«wci mm cm t,il mm«i 
mm« mmf nm^i (In mm 
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n4i ftn mm > ‘•cwi ww 

lactic dtbyilrogeiicM (LDH) t 
aitifl cbolineicrase (CbE) ^ 

ChElUcwcftif'tf n^Pfl 
wtv^if c'fw arm wti: 

C¥tCl W« >rtft4I ¥lf( 

Mffoconin epinephrine 

f«C« 4t41 on, aitatf r-aminO' 

htitpric ^tttV fCft «WJ ¥H 

CW4t rtlf, m ^fWl ChE-4« «ltWCV 

ntftvftil •nrtc<f *rf|iit‘i 
W^ HtW I A, E. Minky >rWf»¥- 
*<fI nlNn fci cwf^rwua m, w 
|^4f Ivf *<^11 tyrosine 

aminotranifcrate (TAT)<a^tirtcai 'ffi’tH 
«ia^« •<«¥. iiff '•tcf v 

(10*0 t5 w ¥fi 

^ I ffl WftlJ WfCWfr |ifC»C1 


(26^ M, 54 

fflll m «4t« I wti iafl* 
rn 4tt c<fw iiscii •wKif 4wwii«i 
TAT wm I Arfinise, 

malate dchydro ftwaac Imff 

Wll4 ffI fbf ftif 4WWI ft»f- 

arati^: takt^ *W fW <M, 
inimical ai*f atfati w mt 

affw 4ic»» so ▼ac’i 4ti?, ’•ifi ^* 
fkw cfta aiattiwi ti 

ff41 |%itff I 

ilfvw ai4%j<^W4Wil «» 
ICICI ta ca^ ft a ai ♦ (%i 4t^la f tW'i 
ca at<¥T ftcf fai acaa*rt inw, arti 

ff| fan «ata aim eitfia 

Jrtlfftaf 1 afan at<#j 4*aci 'aacai *f4f 
aiian cutaff aal ^tai wnm 

•Ttfa, *aaa faa i[a ^ca ai—aaa ami 
altcai a?^acai cfta aant tea ftftca a1 


WlWHtai nftftta 


aiifa atwai aaha ainttaia ai 
aici Wi tni fat! asifi i aimnn 
catCfil aintwiiai ata «aca aca 
an 41 —af^ aoa ai faptt» afk trra 
aiai atca. afa ifi adi nm an 
atati ea niFia enta ntia cal ni 
ai, ancai nr aif% ntitia ntiiaa 
alcn cm mm. at aimtaa cwm 
nr alti all aitatf atatt nm 
lacapHa ciati aw am nr 
atl-aia« nil flfanlf nawlwfINt 


fiiTtaataf ni» i aaitiacai ala lawl 
atafian: ca aftH aww acaartia—aca 
ai«a fatwi enw—arni-^. aftai-mii 
nvm ftaawtwi cal artaiw IHw an 
cita faw an*i--aitaii na f c ia a im 
ntian nail atm wi 1 |ip itmaw 
aitatw taw annr--aitrmwainmHi. 
atian |ca ata aw apKa-^t*^ 
aw awtwaa clf^ tawilwflw-*- 

♦ R am. ifaataw, ^ cmw« 
Taiwff. api*wtart“i4 



mnmrn . a95 

c9 ^ wi ^tt^ «Pt«. ift firi flw an wtfl 

twr #rtt lirww fim—^t: 1% > c^tf 

tf *ftCTr—w cmn «ftifl cti«| c^w wf «tt «rwr to 
»!i c^t¥l! TOtwwri f«rti—^tiit to ^Ntlt. 

fw sfCTi a« ^ff ^1—4*1 ^ftcf f*rTOl Wftttl "itiJi J 
ftl—^ c?^i TOfi c*Mti c** TO 4 | w*Pi *4f|»rrt 4l wnr 
^ W» ntiff *1. c*. *r*i *1 fic« niTO 

’i^cf ncffi—III to fi— totcw* *irfri f* wn«n, f% »% troi 

*t>CTW TOTO *f*r 4f*. TOt* 4*1 toI *1*11 TOfl, Ciwf**fl 

11*1 Tow c** r ft£« TOti r* fftw ft >iwi»wi ftii *rtw *rw* *** unfw-m 

X(9 f HCf f* ’*tftl l|*tCi*f *11 *11 fClW—Cftl ft 4| fl*t>1 Wt* 
»C 1 cTO—*T% 1 * f* fii«f*i *it«iir cncici I^tw nwtf *1111 fiitli 
ft fiTOi *fiti fi*Ti Cfl I *1 c*1, TO^rti *[TW flit* toI I JtiTii itf* 

*1 wtinti ^•ftci'fi *iiti **i f**— -rUri «rfi *i -i* * 11*1 fw c*tiw, 

*1 fTtr«w Iffi—untcini in c*w 1 cifiw •*'5 c*t^tw ulcii <** 4*li 

■fibril ffiri 11 itlw f*| *fli- fin* fn-fi w tii* to iff 1 
f>f* TO i W *tl TO iltl\f*TO *1 ^fCfWt. fr*tl fTOl 

f* *t^ 11 Itfl* f* *tlfl* TOlWTOf *1 flw TOim TO <f*tcrw *IWt—TO 
^t**tf ^IW *M*1 TO I TOtCfl If CTO Cftl *1 ftftl TOTOl toI 
fi^ci *1 f* * TOi **1 It* t*w cittit fill cf%i i^w 4 I ^uri 

fi in'll *t<*’?tcfi ntw— TOti fiiflti 4 * tif* TOW Cl, fiir 

uti *1 ini toI fitiii 11*1 TOi fsPr^**** ft^rifti ittfi cit%f t*ri 

—*1*1 ** *11 c*w film ffwltci *i i^t «ci 

*T1 4tf ftlWWl ff?l *1 Cftll CfTO I *l*tt**f *ri Cff* •tfci* I C*tl w- 
C*t ffWI ftf*-ittl ITO fit*. 4*ll Cl**t *lftl *nt* fif*i.*f*l Hie* f|i 

TOf** f^tcii cUf wmn ftci ff«i— *ti cff—f* cim, ftr 1 ** 

TOPt > rrfltit* fTt*ti 4| c*t*ti *it* TO,cit%i* ^•riiitifti 

nit\ fwci TOtwi if%* *1 wwi ftm f¥f 11 TO*fri f*i *w*—w* 

* 1 ^ wtnrti «w c4|W— 4*tw c*fff • *«* to. TO 1311 TOfi wm to. 

TO 1 ftn *tf^ «f* 11CT1—C* CTOlt ft fl^Cfl 4*%l %** Ifftf ¥TO(I 
TO f*lf fitl flrtlW, TO* 4*ti if TO *ni! *#|wt cTO fUTO 
fill ^ TOf*^ fftfti TO TO ^ CTOI fWW--W Cftf TOTO TOf 
TOL (In TO rthlf TO *TO TOW *l*w Cftf flftl CfI—fWff 4*1 
TO m TO 4fli *f ftcii TOtf TOt fffW<TOc*f fifttTO---TOrf 
cf*i *iiir-“4^ Hf cTOfp^ wi 44 cTOit TOf^ m *f f**w 



HA'•Ami 


M Ati cw HI 

Cf•• nm I oFtitH 

H c«i it«tf m c¥tH « 
Hi wtwHHi mrn hia m iti 
—VII *!tiA chI Aw cIi m«fi iti 
wi» <fli cii fci ift I mz^ >itfW*T 
Wlt^tniAn {Suthce afiaeAtbesta) 
iwi TOf Him w t¥t?i w 
•itcicHtw 'll i¥i wntwAiti ’•m- 
CWI «t ftl If, HW CllAcf W| 
iKi n An wimifn «• An 
vitcrw fiiti war citAcf n cww tit 

wwm wit fiftnn *tcf« wtitftnwi 
itt«f5i wAni ni9 HIn wtn—wit 
wwwt A It wt wfAot CHI J wtm cfti 
ifw iw wim *rriw Aw wiiw cwrw 
wtIPrAt WI1 Iff I cw—cfti ftcw 
witwi wicw fA—Cl cww itfilttw 
tit wwti 11 wnl wntnn wit new 
itwi ^ ittw n wtiwA itiw. ciwArw 
linipicw cwAiW cwwitw iWf Aw wi-fwi 
tm itew—3Ntw Hcwwii wnAwiw 
^ cwwwtiw wttwtiwi w > wt^ HI 
Am ntiw tjn itwit wwi m itcn 
WWW ftm Ar cwtitww Hit wwwi 
ww fin HI '•I wiwtf if ftm wi 
wim iwi cwti wwtn*w wti cwH nm 
•rtni wcw witiiwA iwwn wwtn-w 
Wf! IWl WW tgl Witl ^t% If 

H wn wttw cwAwtilt wNiw Ah 
licwwwi wn wwtwH ww cim wtn— 

cf wApt wwtom WH HWAi wtuHi 

cfwtw wtfw will t*wtrt It# f w 
wiw k wtf iAi wiw fcf ftn I WWW 
W Wt WWI w?lwt wwll WW II W\W WH 


wcf wtw cm wwn tii wmcwoitAi 
Af nf cvwH Hcwi ^ win wti 
w#twi wntoni ci ctim ntw» fwi 
wtiAiv wt cfim cfwit fi Hi wti 
cifili new cfwii fi, wwtw iritAi 
wtwitw cwt IW WH lA It I w| 
wilwtiwi Hwl WtAtlffl^ 
ww>t limwicH t*i ewAttw it H 
wti wijAj hi WtH WitWt fi» w 

I. wwS Hit itw-wTinn^ Afi^ 

itwcwi inA wtwHiti wit Hi 1 tM 
•n ciw nitcH i^m w^i wit? wnw 
A wvi w*rtM«n wit irt» wAffi 
wTtitmriit An I wm ciwimi Itni 
w^w ^Hww-fi curt wntwi n t wtiti 
itiii—iwwl fti. wwtf • itm It, Aw 
witnii fn itni wft^ wi irfwwi 
(weifw A| i» witfi^ citcwi cwmi 
wtit wi^itww wtcfi litci |A #tA 
It tni wtw wim m i 
ww wwii Aw, tw wwti ww 
witnici CHI ciiAi Acw wAh, 
witmi witH ttiw WWW wfiH, 
C^f wlww. WJtitC^Ai (Antifthe* 
tilt) I •twA w«m wn witnwi c*w 
It fWH Hf iticw in wi^ w iwm 
tit ftAw #tu ittWcH wAit, nrt 
etitew It. itw Aww ifinw h 
A n wti ww witwH wim itiwt 
wAti IW H, ewA cHinn iti 
Aw cwAifAt witnii citwti wrtitcw* 
Alt An wittw itimwi iw Awi 
wi H lit Ai Ml <wl wfim 
wtm, wtf I? wifwwi fw* wwer WWW 
wn m, wilt wti HI wi ewH cm 





fUk^ 


rtff ft iRt frttf. ttf titt •It 

t1 fki* tf^« tt Ats ttl. Wtt^ 
ffittt fCl OfW ^ tff w twi tf, 
tft nflllit ft ft, ftfCT! C^1 
1 »rw ^ti tfc« fkt cft« 

frtttWPIt mi ¥%l! Itl—<•! 41 

ItPipw iW'i 4tPf I 

^ mwti iw Htci 4ntwii 

itt itn f^it. «li cfti pwti ftfii 

^iWClH* « itdCW I Cl CTO cttl 

TOtfl in IflTO lC4flW 4ni I 

iff cw TOfil cfii itf Cl, 

irtti TOi iiw, w 11 TO CTO 
tci 11, Cl C4C1^ IjO 4TO TO 
4ittiii HI HI ’iitcin wi! til 
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TOTITO llil ClHCT ItnCt mWlTO 
TOiWl IHffl—iWftW m HI ft 
H TOl# cm ftfl, CHl^lvIf 
4lfttll n nil Clt% Itl! Itw I 

4TOl rpl TOtl ftl Itltl ffl^ 

fSidfi \ 4fifni ctoI 4fii cifv li- 
cwnti fro TO 11 itff It cfHi fl¬ 
it ^lltl lift ifl Htffi 

fi--TO Ifi lici fttt TO. in 
nil ift-ifi iiciti fi iTOfli 
iftf, in nti ncf, m ijltti 
itiffi iitnicn TO iifi nti 

TO^fi ifii n irti, fii iw cfci 
ltd, ttfroi c«ti itftct it^ tti 

Itltf TOl I 


m-m 

^COI^ f^TO TOfWi^tmi 


Iftli, 

Cfli ititit^li ffTO ifiltf • W 1 

•iit^t ffiti I in cn cici toi 

fpll fllitfitifi ituit Cl^TOftltf 

ifiii tin—Cl ftitt i*iK nii» 
TO iw TO twtmti CTO t^tnJti 
TO Cl intft, Cl ltd ft| ITtfW 
ifS i iTO m 'TO 1 Rwtn't ittiffi 
ltd ittmi ltd ftt I 

TOtCft CTO TOl ItmTl TOl 
IftTOI TOlfCi 4 TTO TOf Cl, HllwT 

•nCf IW ^1 TOl ftl. H 
TOll CIW CTO TOl ltd Itfi HI 
6 


wtfl TOtl Cl CWCl (cifll) Itfl, ciltll 
tcwwt itci It ncil TO—icHw 
If 111 fntf ir«ri I ici ifitii- 
li C4%C1 ICl itl-ftiHfl filflCTO 
ifii ftl ft lit t^cfi^ci, itmti 
Id Itf 1 itl net, itW Cl 11 TOIH- 
1^11 ifd fi «i f^dw irwi-n 
fJiid fi, n nt tirtlffd i cfd-ciriii 
TOiti ftcf ici nil nti ii cm 
ifitl ltd I ici <«lt| TOl H lltl 
4fdi ItliUtf ltd TOff Itlt^tl 
TO CTO ltd I TOffllH ftf firifi 
TOll TOl lift—itfit m ftn 
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fw iw ntfl—«tii |»r» 

•ftm «i!i wl Iwh m Wftf 

wi 

‘•¥^ CTW Puil m C^f W'9 

^liiftf«¥ <«i>T 

><tiiH sn wtw ^ntf c^i w ’^fw 
w ^*nn ¥in •itfi c^» 

<r^tr-r« w 

*fW »1ft^«ltiwt? fW 

ntwi“»r«« 4iw ’it^^iti « 


nn l«i^tpi ^wttf i|w—«tiw 

TO TOti TOV TO 

cTO cTO TO cfpt iti,¥it 

fOICf 't TO I TOtltl TO cwiw 
CSlI, C>I^tW TO I. V ^ 

TO TO rtt»rtiTO w ¥« 

SI1—ftwfr*! «iprjf 

n^V9 TO I 

Ridio Astronomy Section, Meckemne 
University, Sao Paulo. Brazil 


•mwPiTOnTOi 


wife ff TO** '■itnsitm 
‘wtif e ftwfsi* nlketf ertf¥ i 
•TOfftTO ni\m* Ve ftwflft TOifi 
ftfk fNte» fff ISTO fsaa i|'« 
etfi rf^TOi (1^73) TO ftirfcm SnK 
(m Hi vKcni >rTOteki Pi ▼roe-* 
TOTO 3»11 <«* TOi 2 () 



S._ ^ 


Cl cTO niTOJti cTOWlCTO^fr 
eftitnii TO*ei «itfi ntiPi It 

wfnntx e arTO*iit^ cfi << ' 

TO ¥fl >f<*lTtI lit 

TOI 

nfipp 

fPw TO cf. IB. lirBTOw 

TO! t • 24-*riirrt 

C%wHTO TOTO %»ri *ri 
TOtww ci, nflN TOi TOI cfmi 


TOt TOI sm TOi 

eTM: l + Hl+H.TOiti. 

oiB vrcwfi^f c«r*l^ (G.p), to 

TOI TO-1, TOtn «fnt» I *fli^ iff 

TOTOJI <1 n III If. 'TOW 

afl *- t”l 

s• *“i«> ' ^ "" 


imii f^^iTOlciTOi fifB fifcii. 
^nro fkfl eitf *«» TO! <eflci €TO^ 
uTO TOii wwii Bti TOtTO iwi 
S-2-l/(2"-l)l TOtW n-« mtw 
1/^2-'' *1) - 0 TO TO t Iwel S-2 TO I 

toYhTOi ci frowi ‘ -itl wiTO 
niHi Hum fi*"', *1 TOflr» i«- 
TOI Biro TOt wiin ft «i 

m-M TOTO:BwnTOI? cl,cTOiH 4 tB 
TOtw <*% Hfmtit TOI TOi «iilt fi 
S-tKHr)i J 






lifw new new w^* 
tmwT WWW |fw nt^ci f^wl. fVw 
cni new wtnr cn ^tvnpar ntn wfirwft. 
wntti wnw fhi tditrwi 

•« wen fjiw n^cwei wn^ 4rt% w 
Itot wtni fwini wfwntnen wJTnt 
niewen i tw fw wtiei ’«ti fHtw ttcwew, 
wffi wt^tfjJwten wtcnisni wn nfwi 
f<!fnn wtiM ntfftni f^wwwi ^flencf. 
wtnti nenr wntn wtiiwfii n^n-Kl) •jfw^n 
wnntwn ifw w ^ffcn* (2) c*v^ 

ctew wnwtittai ffw. (3) wr*it»\ ftnttn 
*rrlentf*<en« njnttn if% -nn (4) ntfntnf^w. 
ftleitewn « wfiw :ftntf fncwri*! 

ntff nrnfltfenfl wtew wfwewn wrti 
wei wt4nwt^wwtH wjtn will 
^fiw wtnti wifn wtl-wwtiw wfi wfni 
w4ifw, orfettfVn wwent ntitcnr fte4t- 
ftleil WWW wci wfwcwn wim 
well tftcfi mnn wwn: itn ntwiti 
nltn w nfintn wfwewn win wet, 
ntwfn cni wfimn wfwewn lilt ilcw 
wi wfirw ntfirnen nir wen irwten 
wfwewewt *if«ii ?tei irn ntlcwci 
Wf^ wt4n wfl-wwrtcwi wfiriM ffi 
wfttwcw. wt« Wf%cw wtfiwffpri new 
wifHfw wwftf wt wficwtwi wtwwi 
wifim <wtw ewfw wtfWii WWW wtw 
wfiNU wwlw wfwww WW4 wtwin^ dEWten 
wife wpw WWW w?t^ wtwr^ 


nwitff ftwfcn ftfn wtl-wwthwi wflwln 
ffi f drewcw \ 

nWnten flctf wti wn tiw cfWwfwewl 
fnwtMtw ffwi w< itfw ftwtew c<tii w 
wftw fnntw wrtcni ntlwn |fw win 
wl cn'fit—ntiti nenj iw wtin w fftwit 
dr%w wtew-fiitwri w 'cn'tiHti* wt 
wfm ntwcii wtwtfrf i?tiwnWew 
wtnwt^cw wfwww wei i wtfiwtfirw 
wnwtn w# cn nn cfW wtwntwi 
itficnwtf \ett5twtfw Ifn Wff, cwl wn 
cfew fwwtiftni ilew wfw« cntii w 
wwtw wrtw wi^nwwf fnrwcf Wffwti 
nil ttnfwitf new nltenf witew 
mi wefw wei i w^jei wtitf wfwH ww 
wwwtitntnti nil fWi wen wn wcin»i 
w^wn 4fl5 wf^nw iif, cufnwti itfiew 
iri» nticnneni ww nfew ntew fn^cnifnii 
w TOe*»* nfwtiwn wHw cifm wtwfw 
llew enw fH I 

wenw ntw. cw—will, fwi, *ftni 
Iwriff WifTM ntwwtiw wfwfliw ilcw 
fnwffnw III ntwwiH wtwdcwi finwcni 
n*n wfi wftnfci ntnwti wdr-wwrtw 
ffftn d^nt fi, itii «t% w ifiewf new 
15 wfwwtiw. wfn-wwtcnt new nttcii 
witci wcinwfiii ntwwfi wfl-wwf|w cn 
wit fiiwlknf wt f, wt w wtww^ w f* 

• lf«tn wfttnfdSwn w« wf*#- 
cwwi wi ntewn, ntnw^ wfnwtwi^ 
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^<1 Hft 

wf %fifCTtfi« fw^ 

(?« «rtc«r «ni cf w »rt*w#i 
^ItfflWF flw 'Jtl fiftftll ti. c»i^w 

ttwt 

«<m«t *itfi ultw cw<n fti 'W ^ti 
fVlflXWf HWt 'ilt^ft^1 tfttff ^ ff I 
iftiwti «rjt»i 

I '•Wl ^t«ti 

Hh wf^ti 

ftiNn {iPtl W ^C«<f f It’Itl I f Tt^tW 

«l fit’i «itiri 

\i*itr|i agi w?9 #iti 

<•! ^Jt*itc* cfin ^wj 
if^nn ’ft’pcn fit c«Jtii iTii itifft 
Wfi ^iftf f 11 r«!’» ^ti 
«ifI iitwi iti ill fill®rcf 1 futlf I 
^jtTfifhti <1111 fci»l5 itf 

ftfHcii w fl lrtil8 itftci li%» 
111 1930 itti cinfwiti iiti ^1 
mtcni f wr ci«r fcif uflM ' 

1952 >TtW1 ffim itcil w iiti 
«ftt fti itfti ijf#«itfni «•! ifti 
ftn fSrttiii tiiif iiwif I 

wtf >itwu wil'nulfif 
fill «itifi irtti^wti fxifwi flwtil 
1C1 ¥W» it^tw fii%f 
itr^ ititf ^ Miti ilitfiu 
tif TO <W TOICI utwtti <1 oil 
€111 ffitl^irtitiiiwfim*itf%iiHcf 
Hit to h I HwfW ciifi HfT» 
TOTO 'i TO» TOf Itutiw HITO- 
fm flHd HTOl TO 111 

flu (wwl iiiwifti *r*f^B*i 


wtfN H iIhiWctIiIIwhh 1WI>I 
Hl^tnn TOilcHi vHr4 
imit<8w fCVtltl* 'i HiTOlllf ill 

TO. ItH iftf TO Htft l f C Ii Hfl 

^Itn TO I TO 
fiilf#. W. CftCTOtW1» fillllflf^lli 
njtfil TO TOI HW Cfl HtCTtpR 
ItlHI fiw nf^ TOiHci ifWi 
llltci I 

tiff* TO itiitiftf* 

ItHftWI TO TO# TOf tw lltH 
citit OiftH 'll i«n cTOi- 

TOl ftlftn IfftTO newt €1% 
ifiini ifif ffiitm fi^i 
ni i>cf TO 111 rffiiVi TO 5001 
iTiltlRl CTOt fintfw lIltTI iflll 
llTOl Itllt I liwfifl, Itfut. n^t. 
cdil « 9\^ mw 11 TOtiini il 
cTOl ftl’ltnii 11 iTfti TOHlflf 
ficitil TOfil flit! TO 1 TO 

IClf fiTO itffll Itcil 1945 TOll 
6l 1<^ 1114 TOtWi fllHflll 1 
mrotffci ficftfti citit iltw ml 
iTOTill fit TO 1 fitfmwi ICl TOH 
€ll1»l Itllltcltini id llltll,€1lfl 
vriTO 11111 TO11>1 iWHTOHfTO 
hIctI ft, flHl llJlffi TOT l| 
nlciulHifi frrd itftii npi TO 
uTOi# itium 111 m Sc** 
UlcrollllNllll IWTOI Hm TO 
men "1^1 4tii fficii il ulim- 
<lfld ITO TOrtWi id TO-^HTO TOrt 
dti d^ flfdiii nfifi 11 ifdi 
IHICI HfHWI <TOil Hifw IfUii 
Hu ffltil TOW iWflW lllWttdtl 4 



a, im) mi 


<rtrM i 1949 mm 
citit ^wi 
n% 1952 ^ «m« wtiriif 
^ fitcftcwi 

ftrfriN ^itrt I c^ icli, 
fltvn 1952, I960 1964 <1!!' 

■Wfw CTWi Rif til » <|W 


citifi Riftiwt <f itiOfii 

ci% •fRitci 4»Rttnf—CT fft# 

wRnKi «, itfwf rtftfft |l%w ci 
ffwtcii ff, c>rl Rwtcfi f •RTiftil ft f 
41I51K9 nmm ci% •ifi^tw 




74f?ti ftitCfi CfH 

*f49 fmm ftnti w c*!^'rt- 

i^c9i cnw fRf fwwit—fR, 
*ftf<f%7¥i¥ ffnmi ctfin I f#i *r«t% 

fii¥ fn in w’lm 

itHii 

il4T 4ClltJ w 

c^tti c^dci t^?ti Ri«i nffii'^t^i 
c»tiiT Ritl «tiw 

iitnwii m f«ti all fit 

OT—Untwi^l 
itRfi ^ f liti I 

citf ci^ win item cffni 

w ntwii itii «• nw w wtf cin 
wtn ftwwRnnfw nxtm fiicwiw 
•ftcti fw c4 iwm cwtwj cwwi iwl 
wt ijHfi ▼« nttf wPi w niitn 
•fitw Rtenwlcwn wtcnr ntwi f4^f 
cwn <41 wnTifGi cftnRcw <wVr*w 
fiwfi mmi fftf twi ci 

cftn cmfOi fiRit fRcw f*fCT cwn cm 
4H fll t i*8n IffH 


40-45 wN nfi <tcii c^rtti ntcf, 
41 itftwi ijifi mw Rntw 

tjifti wii C4CW ntci I 

?4i^i in itnfM 9wi ftwfiwi ftn« 
itftifrwl 41 ifi c4% ijmwtw »ii 
ill cnitw i4i?lt event «ttt 

niw iR^Irt 

ewent nil il-’f«flinnl itfnn 
veil ttfiitt fR-Rwfjttii nl lint 
?tint fttmt ini nRci event nflw 
nwf 11 28 win entf so wtn nin tiRci 
ftcwi 4tn nt event nRtm fttv 
ttf^ cvtnitt cili vti iwfi tifnii 
entf sttH trttn vtcvt tt^lt vt4fr4^ 
vti vftivt Rfvt wen 
ttt nil cfti n I 

niwnlfiicicvnfifi 
vet nltftfw »R e w cm cnci ci, 
ftivttv, ff¥4 nniifi viRnnt*, tmt^t 
V nfm tftnti veifl wen ivn4Hr 
Rmet fti cm nimpif nev 

•mil 
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aw atw ftcm »tii «rtt 

•iti ww «lT^ fff <w 

•itwi «tl cf »n ^tlcsi 

«t«l ff WtCT lifl fit 

^1 W HI H H1HJP Itfc hI ▼»!■» 
KtWf Hlf HrtfVI flm wfl Ht#«l 
nKwva tn|i» H »t«i <wf3(Ht% iHn 
Wtll 

V 3!ll «M1- 

HIIH W9 nm It¥W util 

111 fit CllH Itlll hI ¥lfl 
infl iw HI 111 •lUu ftfHt H|[i 
^11 ItHltl infill ft! I 

ilWCT ci^ 111 «rti 13J fti, nfiftci 
115 ffl nw itl 90 Inn icul f 
iti itii «•! ?ci Hfi «tft^rf? 

Itfl ntHlI 111 I ftCit ICH 

•rtWCl Htn,. Htl—Jill f¥» HlPr «rffHl 
llHH Itl H«1 CICH ItCU viiHf^^ 
itltCHl HW iff ifllHl 
W OrtlCH IICH fl. HtlCl ?tltltftwi 
IfW 1^1 fill Cl^ ItHHlH I 

fCli iflltll Itl Cffll 
flHtl I HtlH^l iff Hflltl Clf 
Hltftl Clli 40 ff.HII. Itl- 
dtcwi. 60 fH.«yi. HVltl H40 ff^l, 
•ilt«f Hciti Hfcitfi wmv( I 

cfti-cntHti ni»ii H ftiTititi 
fffl Itl Hltltl HCf Hfin citlltl Hill 
•f^tl ’JtH Htltcil HI 45 (0 35Q Hl^ 
Hl41t>ttl fH. HI (0*3%) %1 Oltfl HCT 
wm fiftii HffH ci^Ti Hfii mz9 


3-10 fr.arji. ^fwl l^f ftiw Htci 
HfItH HfiPtCl ttH fro HTWtlt Hflftl 
¥C1 cam Id! itteH HnH! WIW 
Iff tHtd CHi ffCH Id I 
Cllfl HUHtd Htlttv l^ltw 

ftiWtiHt%i irHcii iiiy 30 C1.R. 
Hll ltflHr«W HU 60 Cl.(l. HCl ltd I 
Tll.^d ••njwttf W9 CfUl fun 
flHtl i ifld iff fill *ffllt1 it If. 
HtfCl Clf 11 ffWH fCH I ift Hl^ 
Ifldl ?*IW I-fll Itl cif Cf Hit Idl t 
fl HI CICH inftH IHll 111 

flfn Hlltl lld^ fiw Itll W 
V Cl% I ^tw Cftlltfl lltl HflCl Ht^f'Sl 
itfi fttii wti I 

l^W iNtftl «fll 4-6 lltf 111 
iii.iti Itl ti ifci 111 imu 
HtCll Itltl fltfCH ICf ifld fllfil 
ltd flftl^ fICl HtltH •Itlftl HI* 
CH«I1 f IHtl I 

111 2ifi Itl ciw fwt Hii ffcii 

is Itftl^ ftl fill W dlfl CftI 

fici fitll ffti fntci i*Ih cfi Hti Itl 

i{« »f¥tl ciiU 111 Wil 10 Itl 
ill Htalii itiwi fiitnnriiuM 
111 Itl I Cl Cltl CH 11 It Itfld 
fnti hI ^Iw citi cn cH Id Cliff Itl I 
till If ftci ftl lit Id 
Cltl «fl Cftci Itf Hitl 20 ^tfwi 
n w^^ ntiit citintci I 

[iti^ ‘Iff Htiiti ntm. f& 

wn. i«i W11 





mi 1 flnnicii 

«tii t*WfTCTn f¥ mn >rci 
i!ci ? sit. mw9 nti n, cw 
^t«n fi fciti 6 <ft^ mvi I 

ffi n'vm vsn, ^m^rcaur 

<1 m ww firtiti I 

CVfsi C¥t^ 

w\^ tfti^ cntw <4PTctit «, 

fl«! i 4 «j «rc«fifiii •nr« ^tc*! 
»Pm cnt^Stl’ff •«» ffit^ STftWfHi I 
fl C¥tl8 ffl Wtc*r > tcft C'fTW Iff ft 
5ftll fCl ft! I C*|| «l».1»l\f. 

csfcvt ’fi? icIfSnt, ff^i- 

ffiw «itfi»f « ff^«i 

I C^l’f ffflF 

»rici^ wrc^f 1*1 ftcai *inr 

4 :jt ntf «rs« ttv •irtni 

w.m ¥itri 

« ^ff» Invii ^•rrf tii wtc^T, *?> 

29 ftwti f’Tfi- 

^ fWit^tl > fftlfWf 

ifii • '»m»i >ini sjfirt fwtfc «rr» 
ww w spin ntcfsf 

fir f fiicf Iff* «nn tw 

swti ffcmi iwcfm 
fhit^tr «ii *ifpr 

•rfiwti w f?p fnrcfsfi •rtnmti 
jpjtfiirftfin f\m lailWM^nii 

intw li. iHitif mom mtn- 
im liitn •iftfiaitcv ftlnw 


i*fffi ¥it fofi fifim iti ctrtli 
irtWftt itci mw$ il«tflir Vinafit^ 
itftrti 4l w fiptiV 
m<fi « wfiir ifmtifri utttc 

wn iftniitittarr w 

mtcn f^tci it^tm fii I 

4| ’fi irmti^ Iff*! mifiiitf 

^•r# cic¥ «f*mi itii sp^wi 
mill fii mi* iiMtmii mcwi 
ilf&IS ltd 2534 ^<1 mti- 

mti 5t«itcii <1 r > ntntmi w cfti 
cfti irti ic*if fw 20 ftmi 

fc^i-i ci>S‘ «*icw cin > itftil* 
itn mi^ -• c»itfl» >itmi i*irnw4^ 

wri mifiiv ^^tntfirt « 
*r^tmi m fiwtilii *ricf tfirfii 
«jfH mmii mnt fti<n, 
^dfiiii cm Cl *11 fin »ci> 
mi iffif*i. 11 11 ftm iffi 6 ntll 
iw uttn' 

cirnti sTtrmifCfi »•> fiwfjilii 
ffitmii Cl* w itfii « itfti iiti 
cinni irititi njtn vitu 

fiiitii 1*1 cm It If If lit fcfti- 

mm ncfn w tifti »«* 

iffif, itt! mji tci fiti ‘tncf I 

f* nti mn trnmmw 

3000 mil tH tfW fimii 
iftt cmmti «* w mmtfi ifti 
wm urn. cmpf^ i?lcn <fm cmm 

#ff%i iftn 5000 u* icii 



<(WfPi wiifi 

«tm ^ 4^1 4fnf|ii6 cffi 50 

TOU c<rcf cfMfi fTtwiti 
^ >rtnni m fwtu c4 

forapi, 

ni w ¥tiw« •> nw <WRr 0K¥ 

tni 

t(fc»itf firi ntw fw vtifi «iti5i I 
4*tf 4^Wf ftw or, 
niwi w4 4 
^ffti ftn fti 4 wl ffwt»!i 

*f<i orw i%fr « Wf i*fW^ ’»ti 
Piif ’fH *!t<rci, fft^hi ffwtfwi 
•w w w fn •rfiitci c4 
ififi cww w fwfii > wiimi 
^tc4 <r«*« nftwjii f ii tmn i 
<iwi fitCTttm 

c^tf^ «rHr« »«i7tf «Titw oil mm i 
c4 >1111011 ii4ci nflitM cftsf 

ff fi I ntcwiji Cl *m 
m ttcn. Of (Mn iw j i i» iift »n 


ifivN Ca6w4^iNn 

4«t<rt4 «if^ 

*ltiRIil i4l 1200rit|i|l ^fWhnfwi 

>f|Hr9 4 4 muf 

mm w, oftftv ntmn viti «4 
4K «if4« ftNimii 
ort^ wfPi c4 ^ mm ftof ftor 
ff"ni fcf iinfi "fit 4 

ftfi 4fw»fjn wa mm ci. 
itl « ntfrfi 4 dcf 
wl ici flw r 20 cfti fn i!rt 
^iH « ^tfwm cm ^itwfifi 
« ffirt iitCTfiftf <wit4 
fimft«ii 

c»rtfii^ »it^i wfiw ^ «•witv 
w^t'«ti fM41ori ftii fiw 
HI ^ IfTtWI «|1 •iflwtw ll^f 
mm I l960-*« 4w fitfi 
fflfl 'll N ^^^WM Htl •ftill 
It! I > nvn fwt-rm t^ifi^fiir icim 
■w i#li ^tf*ri 

itiU itii «ift4 iTO «! ^>! r 
4 itw n*ff itfKii ftWF 

•iNtitf f^tn nftHi inn I 
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«W1 wwl WW ff■ft»I ^Cf ^ckcf 'IJI, I *HWI- 

«fff» 1^ I siwpw •rt<fT «m fiwi cfcrt. 

ftiwnfiNn^mcniwttfi tfi 

wti *iCTr nt¥TWi (^f ifftc*! Ws^ ntc*rrt cfH «t<u ««cti w 
cfiA ^ci ca!«fir fr»ii TO 1 tti •rtftf tff ft?R> 

fW; ffi fft fcWff ftcf ftftf fttfi ftwffii 

TOT TOW 4fft I fT»tii njA^ ft«« «rt ftn, tit*! Tf^rfti in 

frti ffiTfcf ^ ffnw ffwi ‘ 'A wffw "tfe 

fTO I till fftat? ’i^cf a»fftf fitf m cw 29^ iw i 

nW5 c^l!» w ftcf oif m I 

^n3t9 m% I fc^i nf oifaf. fti »ftcf 

w# ^n^sif I f ^fr <«f ifw "tfw w«f<& ln«? fif i f%i w fjiflt^ri^ 
cwM ff ff ?t« cw ffiifl sm^ttcfwwft fnrcfi w fSi 
>l^tc*rfl ftct fTCf, ft! (wt*f (Mimas) i iW ilt'i.300 »«?< 

cfcf 115,400 mif ffci ^tci I ff 1 ftutcw cfcf 

^ 289.000 HTtf I *r%nf1 IW Vtfl Cftci^ (Phoebe) I <$9 
■fftjrf cftf 8,050,000 wftf fri ^ei ^jtn 400 ^rt»i» ftftft ffir« fft» 
fW ftW—(Enccladus^Jf 300 «Wt 

ffsiitf CfCf 148,000 itif ^c« I , cIRoti (Tcthys) ^Tt*! 700 m|ip| 
«Wt CfCf UW IW 183.000 atifi ftlfWi (Dione) 700 
ffltif dm pi f ciCf 234,700 Itlf » Itlt* (Rhea) ijti 1,000 
ft|i! am drf ^1 pi 328,000 itif I ittt^trcia (Titan) iTtf 2,600 
lll»r «wt ft^l dCf dji pi 760,000 itif I alienees':**! (Hyperion) 
Utf 250 it^er dii; oij^ iftltl Wf 922,000 Ithf p« ’iltf i ^fftlt- 
Otpetus) llt»l 800 it>f w ciCf pi 2,215.000 ifliPr i 
fftmi ^ ClCt ftfti, ^tW m WCi If» in»i 
75.100 lltf « Irtf <ni 8,0001^ ftllfifft ClCf ftf 1 
fi w l fa w ftftro pi, ffiit cicf ttwi prw fw fi i ^ f mi 

fp ^fipp tp ipf ftfP wr 4«iti fci ittf I mw Wf^ 
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mm cwtit«-vtln m ’^fsr vti 15 
•*ni «iw mwin ^ «rc«w to » ^ **r^i •fiwwi ^ ¥tnr cTO 

TO TO C»li> t 5 Trtrtff f 3 ?f C««t TO 

*!fll« «« l%f "rfai TOnt{>4 fTOH ’fH ^TO I «t^TOl TO« TO^I 
’ll*!! W WtCT llWtTOW ^i» 

€rii ^w irtflt TO c*fCTKf < 4t .nnK* *tfK- 

c^ ww ’Tt TOCf c^h mz% 40^ f%i to 
10 iil»f I -ff^varin?? fff?¥ c^|5» 4?l^ fsifirl mmn inti 1 to w 

ftn? (Danger xonc)» 4^ TOC*ni f%TO« TO«*»I 4^ 

fifC4 <ttc^ »(^ir I ^♦rirififiT Jr fin? utoiii i»r«r7 ttfr to 

•ttw ^U cmvw JfBl TO TO \ Wll ^TO Vt’f TO! i 

«Ttfl ^>1 (Outer ting), (Inner ring) 4f; capn (Crepe 

ring) I ^ caF*r TO «rf i Wflftf^wm^BTOTO 

TO:*fi 4Cf«4c?i t5 cf^t« i 

TO mmimi »i%*w ck TO. 

mv* ^TO ft«t« *?# TO I TOtC^ *!flTO 

Cf% I ft«1 C»l^ I 4^ irf«|TO TO TOtoi ftn t5 ^ 

(Sharp) fU i ^W»»nni f^l •?TOrt^ TO CTO TO TO 

Cft4i c^, m9 •t?t<4’0<ifi! 4fC4 iftai nTcf cmi^ xtzw ^it i 

cap^t TO I 

«1»TO TOJ cm^ C5ili »A 

«5*^TO ^*!1 TO»f (Cassini division) i 4f> TO^*nrt¥ 

TO fn«cf I 4^ TO»ii> «r^ xtx fijTOra to4<i 

TOi TO »!4 ?i ^ nux I 6tf (XXX TOtwi *f15rTO xmm «nr^ mvm 
4fTO TO <.4P, "ffN •!%¥ 4¥TO «lff%<l VTO 4^fet fiftrt 

TO cm J ^ mmmM to xx\<xn mm, to mtm toM TO 
fTOr ^TO* TOf’W TOm mx'x xm « tot TOi toi ft tn^f— 
jh^cpTO 4«it cTO*i ¥itP!^ mxm ^nm mnx ^tw i 4Cff xnfm 
TO mm toM TOii xm 4TOcTOf 4« 

drfTOi 4 TOi TO mm toM mm vmm m 

5Ti«*(i m\m capfTO 4<R to^^toTOwtowiTO ftrtTO ftfltm 
4tTO^ TOm 4i^frtflit^"f I 4 toTO TO^(¥ Pm 
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TO 4»pri TOfiM TO TO C<C¥ TO! fiCtl ^ Wl 
TO I v*l W lltf. TOl^M TO VI VtTO IJIf fV TO,, 
TOW v» TO TOr 1 ><1 toKtoTO 

TOWff TOi 5in 0^ «<« TO c^ci, TO«f^ v?% «fif fin i ^twi 
niNt TO I TO»lt« TOtl ^ti CT; TO«^« ftfvi 

TO CTCif crot *«l TOn TO 

TO I »*fiftl TOf WW w% 4tr» TO^ai TOPI TO 

ual cTOl «wi« ^ ’itc^ VI vfcv, TO 

CKWf TO fV “(W-TO«!« VVtiTO VP« ^ VTfll I CTO—^ 

OTiftft* flf5re»Ill vitTOW V=C*! CTfef CiTWl VTO Vi TO ^tl, tfl 

ciiwtft TOf TOi TO«i vtc«i I oal^ 

cvca|« «ICVtWI I VI C¥ti^ CWTtfW C^tv CV VTC*|1 ^fvTO 

«»tTO. c»it viiciit¥«f^ *tihvi vtv vfv CTO vii cv, 

#TO VI ^Vw-Wl VtfCl. ^CV cvtvt VtCV cv, C«ritf«Vl^ ^fv^t CVCf ^CV iCVf 
vtc^ I TOtv vfv cfvi vtv cv, ntcmv-iivcwv vIto vi 
VTO, Vltv 3|TO ftv cv, CWfTf^vl^ Tlfv^tv TO »«fTO I 

vTOtom ^fvTO Ffflrtv cvvv firrtti PtvfV'^vi Ptci, civ^ “tfv^cvi 
cvfe #C9 HtCf «ITtCVlfVit« \v^vm CVV I *lfav fvvlJv^ 

cvh? vcie vir iVPV \'ft«vtv CVV Vltcv l TO CVC¥ "TAv 

ivi w"nTO if»pn tov cv% vw -rfv t5 ^t«i i ■rfvv cto nTfwtf^iti 
TOvtv i^vfvtufivRitcv fr^f% wA’m t? ^v i -^v ¥f«i tm, cvvpto TO 
TOn vurwtfSivii cv%i «tn> ^cv vi5fcv nftii mtw \ cvcv •vfSif cv 
viH fvvt^ cv^ TO CTO v4t«(t vtf -rfw 

vt??rTO« WfpTO vvv TO1 CTO I TO «?tv vm*ii 

»»TO TO^ vftm vtv fv I -iTO vvi oRil ^v cv. •:•! «tvci ntci i v»t» 
TO« iTOv «vf^ vsn tvt vv I vw vw vtvtcw ^fvltv vrov Vivit 13 
TO TOi *v^irrfi <frti toTO itlciitTO tif%i trfv^i w «r^f« 
TOlhi pvrtt <4v| cv% «r*w» cw TOv ifTO ^win \to 
24 ^ TOi cvf, ■rf^ cvR^ csnr 10 v%i 38 < 


wn vcwtTOfti 



mm ^\^nn t 5 i f mm m Hrtflni w 

^t«ni *n;^ff, ^tiTv *w^ti TOCTFi owl ^ i 

^ ^t'<rt-«i«fttif^f«r4 mm cw:<r ^ utti utrti #cffw ct. ««▼ <r«m 

I «tt mm ^tc<f cfc«ii itf f H wt P w 

«w mmn ?cw. tfi? 3 ??, <«? cii%i cntft^ wtfN «W i 

^mm mm nm mirn 

\ oiwi cff ^ m c^ti^nr ^«t mm mmi^i « cwrfi «wti *nft< 

•tfwjtM, till ‘Hfi m% ¥ci m ^n 1 

> 1 ^ nn wti^i €f^t*i cf<i 3Tt« ill I »iwi*f^: 25* Ni wmv^ cm 
25’ iff^i wfsWi nim cnilrtit atcn •iflf^ mnm tricar 1000 
^mtnm 70^ ^ic«aftl^ *ffiiiFt« mm «^t*i w*i 

m w > wtttft »ifK *i^<(ti:ii -»i^« hm 

ii^ C3rtf «i^*T Kci ^t»i ^ti I mmm nnw to ct 

c^f «itlifi JitcJW ^ic^f! I wfajfcn TO «fifm ?mr n it?« 

Jlffilfilf^i aw*ff«(lt« C^Cf JilWt^ OW TO n«lK TO TO 
aw ir% TO ■NPlcii 6t«ffl^ atifi 11« »(t^ TOTO^I TO 

r«wcf^ 'iicfi ^•ii ^ito 700 aijtTO i iwftv w 

«iTOi 4tct9 TOfi^ti I rf^ «rTO ^1 cwcw f^t«« to 

TOf ^ttni TOnwa w ^TO TO n I .JiTO ncvf(h mwm TOtft 
TO,t5^ItfWTOfi TO TO « TOto ilfTOT oil »R ^TO fi| # CTO 

ftfiw ici r(<Tf ^ nfiw w I TO¥ cirti totwi 15 

CTOr« »w1r^ «fTO! TOtf I TO1®I ^tTO# blftte TO— 

«IITO Cfm ftil TO TO fTO Cf<t TO 5*1—01 TOTO *wtf, 
frf c^ TOTOt «rmitir fci 1 touto »tl to^i wTO to toi 
^TOW fn TO fci *HWW ftit> TOI»r CTO 

•it TO I 

TO TOW TOHl fl*r, mm ^ ifk fiilfTO *ftl» TO 
fTOrot •illTO c*i TOtt ^ TO TOtffi TOW I mn cfitSw 
4TOtt It? TOI TO tn ^TOtfll 411 1 TO ^ * W 



rt. iw)' mm ^ 

^dimfwntitwi *am^w t^ctiton^ 

«rt^c¥ ¥titfTff «r^ ^ ’•tt *at '<1'’^ ffci w t 

4t ftfti <111 cwi nfjwnvl iw i mmtw <fr>-*(^cin nm «fitif 
«Hct fwr «jii w I f^fw r«i cw cii 111 nw w ticwi 
^ititf fi «rt»ifnwi iWf i« jjfi 11II iii»! cm iti !<i i 
Jm Itlltl ltC<F ill, 11 «fCfl "Itil ciw 

m\m ttw cwr ciftfl* <itw« 4fcii fittnf <tw cw wl 

t«tff v^t^icii ^* 11 % i« <nrN c?tfi nftc<(i *?# n i 

1?, % «rfr« nnitit cirtlc« m icici I 46CT1 

iiWMcii it"f»i citi 11 ci>it#f ff<f fiiti M.ariri 

cfici inc« 1 wi i» iw 4c<n vii#. ^\^ cf««t tci« i mwn 

c^timi iiti m ifc^i imci iTci I citif 

4Cirf CflC*l ^t^^ «C« llll cm m HWWl f•! 1C»1 «|*| ^11 mwi 11 I <ltCf 1 
ci<^« «ritc*ii 511*1 rn-c^5i ^ ‘i*’*. 

c*fw iwi *r» i •ini son ictv iti 

Itl# I RfVi JlitWl IWf Cl® Cltlt»l 11 •it»i <flT*f> iicici ifinti iw 
•tfif^ I citi> iit<Ftcfi tal »nii:af« ^iiti c?ic^ <iwi^ iti ciCf 

fc»i it<Fi »im i^mi OT ic»i ici 111 Cl® c#tit*i itfltii ®w fiiimmi 
iici 1 i-iTiitfru itf®!® 1? 1? ftKtit vi5i ®cici i 4iifii 
ftft« fiw c®tit»T, c®tim, f^ii c®T«t*i ^jifi ntcii m i®wi «nm 
cm iti I 

t 

cn^i «iitii cmi 4iiT»! «itfli <111 «it*i i*itii 

^*ff« w« mi •! mci, ®ir*i irff® ri»i4iii ® fj®* 

cificrm, ffi (If c®r1&i ’lit^afi ^ ubI iic®i utm wm ntci 

fi I irmfi® (Tfci 4«fi»ji it®^ ®ic® fici wi^ fit m fff »t 

m *itvi I ®ci f t€f^ fitfuTiini ®!fi! 39i5 mii»! ^ni >f# 

®TOci®m < i i ®T fm f¥i itfwi'® ci^c^ 

ciwi iwiw ic«i wm n i ®wtn® ®!f5ri ic®, fifirifiri mitm 
^1 ®fftR cmm<mCT utiwicincf viit ^®i«•wii 

fif%^ ifi ff® nm, «eir «fi!»r fn«f>r® c»cir pimi iti mii 
ngr ®fwi «i*i nimt® ® 41*111^1 ftimn m® wm 



«r 


m 


t36vifi9«wif 


<(tra ^ n m «rt««)ir«^rtvcif^cncv<«n;vt Hnyn minw 
»llN(i! wnw ^‘W aiw-^ fW fW «CT 

’r^^«w«IWc«^Tiricaii4wiiTOWi ^fiw wow 


«MwaP 


. -.._ ^ __ ^ ^ 

ntfwwsti ♦tfW 

^10l#«Cf«11HWll «rcwi^ €Ktf >IW f«3lt 3|CT Cf«lt 

wn UCT I «r* 10 SW Wflf I f fit CTt^ w 
*rrw, CTt •ifwtit fl«tw cwtf •nfw1*<«w cni^\# fimf wi i 
80 ^ Wtf W cncil ntlff^WI t5 c^l^. 60 70 C*tl»! ♦ItifC^, 
40 f! 50 cw nriwfsw tm\ mt* w w cmm wi ^^rartiw i 

1. c^ 9t%n n^mt cf^ ftf, w ••tci* 

w) »ft«n 
<0 ^ I 
^) Cf%4t I 

z larmii >T9« 

^) *(<«f «l f W *rtl I 

<t) ^nf«T¥ W5lll 5H1II 5W I 
M) TO-drtl Wift W iWl 

3. •W fwi wt*l? 

5») Wll ^*Wlt «rtc^ I 

^) f%t1 f t*ff l^ti| Itn <1» 

^) W f«*il «H C*«f5w w I 

4. f»Ai«nimffinim 

^) 0“C*t#t*««J 

<C) 0° C^4R«i cm YU ( 

«!) <yc«illc4imcmcrt! 



AMS] mD^ I 3U 

5. 

V) 

<0 ^A4irwii 
i0 

6. 22 wwS cnftn ftw cnwi «itw 

*) '♦wn 71.9 *H I 
') 1W179.1»Wl 
’I) •IVWI91.7»Mt 

7. WW» "W*! «f •ftti 

*) J|«I»t«i 

n) itsiflrtfi 
’I) 

8. n^tt’i'n crt ♦tfwn Ktt* 

») I 

’I) cifflttSi *i2ot I 

’t) '«K<I I 

9 ft48 dtl-’niittw 

f) W*l0.03Wi 
«t) W«03Will 
H) W«l3.0Wli 

9) 'Wil0.45ttti 
1} ■t««ft4J«li|i 
fl) Wit45Will 

{Hmmt 316h^cim) 

f r-'" ■■ — I . .......-*- -1 1 .1-. I III 

• W Wil*> ^ iiftfttH? 


ten uqf^i ft 11^ cfft*i^, m 4;000 itl»r» *ift4tef c»}>iwiK ck^ 

TO CfTO! ft-rm KW ^11 f%l CiftfWTOI *|fWTOiTOlW4W^ 

fttTOtW CTO 4¥ ftft¥ 

^ftft ¥ W¥ fCf« » ^ft?l« ¥1 TOfl ff TO, oar !<•!(% C¥tTO ? 

—TO TOti CTO^ ftwt^hiTO! «fl¥ ¥11 ¥t«Cf frotiftfl 

4aTO aftf ^ <C¥ C^fl ¥ir« €rit4t I fifw ftlit^t ftlrotw 

^ftfft ¥«n ^IIT^II fWCfTOf ¥TO* ftf ¥t?nt5SI1 ¥11 

fWFl 

Wf ^•l¥; ftimJ <ITOI« (Hypothesis) 

(f) ^fttftfl «¥« (Nebular Hypothesis) i (^) ¥ft TO« 

(Planetesimal Hypothesis) «iif? (ft) TOIf (Gaseous Tidal 

Hypothesis) t 

(¥) 4tlftfl¥l «lfR—1755 ¥ 1796 'Kift¥ ftwti?l ¥t^^ 

(Kant) ¥ ¥Tt*f •Ita (Laplace) ¥¥’l¥¥tn ^ft% »1TOI 

¥tCTO!n ¥W51 I ♦tCfir ¥¥C¥ ^ffi¥t «¥« TOlt C?¥11 ftTO I '«t 
TOW TO C^¥?1 fWCf C’S. C¥t^ OBf 

¥f|¥¥ ¥It^ tft¥tl (Nebula) ¥ff^ ftij | 9ft¥ ¥t¥ uft 

^ftft¥tl wra^ ¥sl aw ¥tii iii ftw TO \<!| ’ift (Speed) CTO TO i 
f • Clft ft¥¥ fl. ^lftft¥tw ¥¥ cTO *rcffR ^ owt \4af ¥ft TOTO 
^tr¥ I TO Cf^tftsf nn (Centrifugal force) WVT. CTO TO oilt TOlft¥l« 
ftlTO TO¥ (Eauatorial zone) ¥t^i cTO *1^1 TO (Ring) 
ftft f l¥ H TOW C«fC¥ ftfiH ftl TO I 01^ TOU TOW •«»&¥ TO 
CTOTOi ¥t¥ti TO5 ¥Cf Jl^ 4tflft¥tf TOftC¥ ^TO TO¥ ^ TO-TO 

(imfNriil^)i H¥^¥^TOr*r# ¥TOf TOTOCf I oroTOsniftTOti 

ftftiTOi¥t¥tl TO5 ¥tlCf TO TOftI TOlt TO |fl1 Ifft TOCTO 

ftnr TOwriro ¥t ¥m¥ i 4litft¥ti TOfti TOftw cfaN 

TOWTO^ to ftCTOI TOlrW C^illWTOf'lNnft TOCII aww ftlM 

TO¥ 1¥.TO ¥1 Cl, gnmft (naiiftt) TOW ¥Jrthl TOTO fro TO 
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^ w <ii%f»i 4(^ %^wi cHn *rt« «i<i«it« flrnttfihi 
5Cfrf I ^^200 fm (i»»r4tit ait w« ^ i f#i ^tw*i 



1^^ fsi 


C*>R^ *F!i:^ (Pfindpltf of conservation of angular 

momentum) ’fC? 5^1 l «f»a Uj'n 

^isrtfNn ««t"ft<rc»nr, nti *y*i vm ctwff, 

’fSr® ^9 il^tl flit iw 'll 

c«rc¥ fw •'*1 ?c«t i 

(sr) ^jfi •fsf <5rt[ «Wi-^iift*i w 1904 Kttc-i? fif^t 
5Tt^?fi|5| (Chamberlin) *tnx (Moulton) 

9U9 c^% »H<aWT’‘I 9n9 »|^il i^^ I ost 

^ 4? «!¥« ^‘cn ¥:fCfI fHw4)i?f v:9, aif 

:ftc*l 'e C¥ti| ojf siw?'ii acflj ni’^^ «nirap«H 

(Mutual interaction) wit fflfaa HCfi i?:aci i oit wts« 

^ ^twi i:¥t3ia ^9 w«a ?iFa«r. "ii'.ta ^sici oita 9tnm w 

9fAi ^tew 9^ 9^ trg-4tg ftfr« cfat *iti i c*f 

nt« catc*tf vit»t:« C9Z9 f*%z9 cafiti utta aiat aaL «^5w 

9Z ^« oila ’t(t« ojaa cafttipi in«1 iFr® 

srtW 4^ ^ W. (Planctetiroals) fa i 

4t «lf%3pi ‘4?fa ^Pf fafti 99ntn (Elliptical orbit) *fctf 

fH^fCf ¥acw at:f am owtea m^n ^awi 9n9 cfta oif swni 
torow TO fIfFi «ci oKff pTfra art i owFira aif« ^ aiffrR aw 

aroa TO w'TOcfi ofif wnti^« fi I wtfTO 

8 


314 


^ ftwiw [ 26914^, u 

^tTOi «it9i m a»?*x %9tf 1 nrv CTtHfai it*tsi mM «pi Wti 

uq| 9t*f tw 9t4lW Htcilt ff^l ^ 44*. 

99199:?! »9l 4lf M«ltl ^t^^ 9l9tW 91919 Wl f 9 I 9fw C9t99 991 9|f99^ 
4lH 9EirT 9191 Itltf 919991 C^Tf 111 49? ^f9 9t*1 if? 9lft9lf>P ll9t?9 
fflC? ^ft9 91 nin, 911 41«l9 9f99 9ftl< 9fll9 H 411 9t^9 ltC9 ^9t- 
f9wi 9t9tn 9W 9i:9 (291 fwr a^ir) i 



2^^ fsi 

9f9 9? 91 911 

(9) 911^ ^^19 «19« — 4^ «f9IJ 9^tf^ 9ffl9 411 t 

<19^91 flf^l fip^I (Jeans) 411 cwifl Geffrey) i ^ 

«r9« (l)-4 iftl 9119 9t^9l t911 f9«9 411 C99ftl lilt? 9fltl1— 

Ktl 9lDt9 C9t9« 49 ^11^ 994 ^9 fiwi *ttl ffK9 *?C#I 9t(iWI 
fill 41:9 •tp? I 4^ ^11 994 9tt9 9119 19^ 9119 9491 91. 

99^ 49 HCm 9l9^l9f99 19 (Tidal pull) "ICll ^ 9ft9 e 9 99f9 IT* 
91C9 411 Tt^l ^9fl9t91 flf 91»f 4l >n:9 lft9 9«l 5991991 9f#l 
91C9 919C9 9lC9. 99^ 4^ ^9 Cltf Ilf 4119tl 9C9 *#l -914 IWH 
lfl9 9C1 Itf 1 91^ 9lt9 994<^,ff9 C^IHl 41 m9 PlW 94f4Cl 

9llH 9^C9t9 f^lini Clt9 99 9W I 419 99C1 t^l <l9 

914 99C49 «t99 9t94l4fi»l 5K4 44 C4C9 flllff Itl f4t4t 911 f4c4l 
91911 HH 911—9l99t9ll Cltll « 9119 99 j 4% 9|19 9tlt 4|t^ Miff 

914 llfRll 4C99ltll 9n|t?t 411 4ll ICl 9t9 941 49 WT ^9# mii I 
949199 49n;i ?4f^ l^ltl 9ll 9^99, C19|i|f 9:9 5|lt 91^ « 



4'f# ^hfs ^?c«i 5tt JUtljpOT 

(Phnetaidt) W frow i -•> ifl »t«ini »«f f* ItM TO ^ 

WTO 7rt« *t*f»C» <ltt» 'tv. !^TO; kl«l TO TOW «W«TO 

«n TO1 TO< 3«? fN ai^() I »»t4tTO »1C»! ••I TOO CTO 

TO?W TOfro •«? KTO feil.) I 


,mem i v««<p7r 



tw 

nrt^i 4 ft 

*t« 091 mm c 4 ?tr«fiiw 

'•cfel ^ (Otto Schmidt) 094 ; f4. (C. Von. Wcittsacket) 

nm «, r<ir«* CHZ^^ *?# «W«i 

€4, «I|¥ 4Wffif cut (fftfei ftt •♦ftftt) 

’flCf I CtC 4 « tcti iffW-ftlfrct ttfl 

tnwi toreff tw m aRt: tf ojvv 411 c»tt *1^ ftfiw 

w *ifi<» tfi fwX CT, ftfw ml CRT c<ttd^T-irrtcair^ 

(Ptoto-Planetiry) Rfi mitcR ml m nci «Tcfi *!rm« wtt 

^ cw ftf«i JTCR i«, 

(Angular momentum) t%e, wtRtH ftTmi jacR «?fwt-fi ot«t 
Imtff mm fwtii tjtmi f^» l, mma nfem mi i 

TWtf miaci^ mmww ci wti m?»#iia 

THnsfiRtm mil ci^ wm i tfi* ncm 

^«ifl mw mw m nticR 
mtmi rnimm i»w icm i 


®!f4f imt m 



(*lt!lwH«W WH) 


1. (») 

2. W 

3. l«l) 

4. («l) 

5. W 

6. W 

(iiC«4UI flW «HtC* 24 *IH1» »«t «I ] 

7. W 

a (4t) 

9. (f) 

10 . ( 1 ) 


«|if'e^ 

«ft 1.: cit^&i ff ? 

vmn 5tW?f >• I 

1.: «cv ftfti ^t«i1 «rartwi *Kt f»6 

fSi^i^^fifftl I ow w -fitoi 

CTTWt^tf n^K '« IttaCTi R*rtCf« ftPii W 

cf <(1 ^nii 

'ulufi c*i m ^tfaw? #&» «rlti onlk A^i *lfini¥ fffti 

I 4* ♦tfintwi w fif»t 

W J ^nRWOW Cf ^ 

fn^uKli f4*itc¥i unfits I *•! ^ 

fww WC^tCW^WC<«ll?H’»iC«*ttClJ^I ;0 Cft5» 

inr ^ fifti CTTfF I^CSW wt'* 



(M»3) SO 

ftcf'•RtwRfii’iRw <w^t iWi w •Wi <«Ww 

FRjPWiWFfww ’TOt IWH ItCI I 

«tilwl>^ c«i%cwf fkW^u wc¥ w m 

f61tl lev •fflltl ItfC’l ltt¥ 1 JWtW Itv f^A Itltl 

tie? rtw «t?yteii iw 111 

vnnpnci* 

• «w c«1««-f¥firw i[rt« twijfs?!, rf«f^ ww. ifJif ru 9 




1973 itE^ f^Cl ltt9 ^Vfl 
W73 itW f^wtPi 1^19 *yit* clCltl^ 
«\lVW llt#C«l »1« «!vi*ltw *if«f ^ti 
wicw -fwti’ 

WlWl «tn’ W*Ii* fll ^tf 

‘itjpi Uic« lew » ‘•I tiftw 

^ifff 5D00 l5tlt I 9®^ cwtf ««1 
nif rt nt>< i-®tci ®tn wiM cf tft m I 

®wjw on vti® 1^11 

itfi fs»lfritf ffrii-i; 

r*witf «rtf*? fiiftimiw ift® 

flf5f Rf5w»® Cl® ^vw’ 

«fti ®c«i 9tf vifm ftwi ft® 
‘l4twt® w ® ®ti® iifl’« ffiftii 
in® iflf®! Iciiii wttftf®® iwti 
c*Awtfi[®T fCf® itifti Wfl® >|C®T®«fl 
®ii 

fw vtew wfiti ®0tvii 
1973 ntVH W1 

<a^fi «ftwtflrw %iW® iti. Hitw 


fiitn ® SiiWil® ®®cn cw ft®t®- 
‘fft®!®! fin* f M! It^tl 1<iri-f®®lt 
filter IWCl i ®l tWtCH 

®tf®¥ lU 1000 lift I 

fifti itft® ®lii® ®rr«l® 

1® 4ii fHn® ®ww iw I®f99- 

id i-f®®®it^ *iir®,®tf i»tif®®ir® ®r. 

®tft® 14TC<®’ l**tC^ T®ft® ®tf® 

®twts®i-*t»i 9c«tw*®ifit® 111 
®f®»t®l fitf^titii litill ® ®f®® 
®^1®1 Ik®! ncMil cicn cwtwf® ®li 
it®i9®ti Cl® lit®® cfififtcfi ®rwl®i 
•ri® ®ci®» ®iHi® Of. ®i. ®tl®ii 

®i«*k® i®tif®f ft«® 4®^ ®t^ 
®®?fn® ic®j®®ti ®i »tii cf® I 

IR® 

H, 4®. 4fl. If® ^®® fnh (It® 
4»lff® 4® 4®tl^M II eta® 

®®ti COlicif 4®f® Clllt® 

IWCIH 4®fi| lt(^® 4# 

n® It^Wi I 4| 11^1 i®ft 





wrei nitf« CH19 j f5ifrr<« nn»i cn» 
wftw m nt««w ’i»i 

«CltC1f 

cnificife fn. wiw 

vftcf flft-r—5cn vtft nwti 
nw*\\ cfivi -«w ffiit^t 
'• nwwt '<▼15 n%fk tf ¥cict^ I 
c*irf%ci^ l^fSriwi irtm-flffii »r«- 

lltltClI •|ffilf*l 

c*fi fw iwti f^cf ’rc»jni<» 

«r«i cfcwi f^«r4^ii «<fl ncfwi 
irtttw iiv ntififii mit*f 

fci fn i 

cn •T’l >iti 
^un« *i!:^i «c^ c«rci cf. 
«tcfi !•» ^tcf <«ttf 

iD^ftP|l|^f iW't ft! I 

ftffn i(iw ct« 

m^wcf cfTaiin fk^n f#ir« cwft fti fk i 

c^h ftwi 'fm 

ffJt cfc¥ lit. f^f 

>«¥ »r^ftCT «fftf— 

ftltfff ftfit ^ni« 

’ill ftfftPftHfitf cftftW <1 frt 
CPnif »cf ffticf I c’ftftllN f^rnf« 
h: cw. fn. #ti fww—w-w 
fklktfkn ftfti fitntci >r«#w 

fcfi f^tfw «'f fii btft f«tf fitnfcf 
w cffti r«ff VI 

f im ftiv fcwi I 

ftfw i^cli nt9 M c*fv fHtff- 
i«f (nm fc«i 
<f, M fci nfffH 


W« w ff%w m ^ «a ^ 
-ftfcf Hftf nrn I 

(cfw—vijiwfti mm « 

ftfflflVPlVfl iTOR^ fftf ) Cft«l |5r»Cfl 
ffV t|fl « fCV f»-cw 

wtfPrv fJi ftf wn t5« cfft c^rw I 

fwit cfcfF 

4{itf|^4V >f^ftcw CfCV WtfR 

c^fHf ?€fiif <«f "nifv «rt^f 
fww t '•I cvtISf cft¥ *tfrff iw 
^i%i vcf « fti ¥W ft?< 

fC»t ftfilftf «•¥ ttici I 

130 fi# iltcf Cftfl ilfl ¥iw 
Cf C>WJ«!tV Uff ff, CftfWl 

f>iitt!i|it 'm cfci cfi I til ?w 

cftfi «tf W'sjw f^vti cvtUfffi 
fii veil vl entn m viw vi 60 
fwM fcVfllcf 1V ft! nfifv fi i 
fTftifi nitff nv V fwitttcf 
litif vl c*ftjlf-ft» «cfH v<i 
fit w I 

vf«l cnew H. vf. irtl. f^f «ftffv 
vf Vfti—f Pm Hifti filti wi 

vfvtii fWcii invii ti¥ w vv •fTM- 
ftf fcv ^tf wici I iMflN wi vitwtPiv 
ftwi fn I cf i-ftv «tf^ t-*n ffw ctel 
cfftf I irtcftitcw m ^9 frfvitv veil 

fitiJ vff vl nv-ftwf fftvi I 
c9 wi—ciwH vtfi mn cnc9 ftii 
fit ft «ic« ^tf vfi mI t 
9km mm * vl itvi iraffl 

wvt cvM HfPfftw vnwiin fwet I 



1 '• nftftff 'iitf lrc«w I 

2. Iff jn ^fCT. Ht<n irtn? vn itlw, w rvtw ifi, wf«i w n €tn 

^ fit ftlw ^1 C¥f^ •iffft %n nfiwi 

f<Wlwi nfCTtf’i wt^f I 

3. TOti^ ficwi—CTO ,^?hf RwM nfii? (TOWit<rt)i 

fWi fs1l*fCT «ittfi ^*1 •fft^tn l”5cn tSff ^ftfTO I 

4. «ft4ti TO ^^4ji f«ivi n^sr ^Ii1 <4? 16 '^t^fj ifflf i irt'STV 

•^Mti TOTM 4w irti: ^rsw^ \^ ifiwi 4^tti cft4 nn^ 

•ifitrcwi nfii <rtff w f«f4 Ti:l c’tl uTOf ittf* TO fh'i niftcw i 

5. IHH jff^fs « f<tTO :-“5/6 »!f!i ii^ll -ll’fti 

flt4l Iftcff J^WT *f^*!r*, TOtWf « Clt^ftriTO *1^11 nr^ff 
f9^ «|t« I 

6. nfiTOi f4tTO ■TKfi ?4rTO ^a^lci 4Tf# 

ntflTO^t I 

7. ■rtttl TO 5t»1:—CTO it41 ffiw TOM TO’•It* TOtM tf rf4f 

§fftl ftf !%• ▼H* I TO lt?l 3*00 ^t¥1 ilc^l I 

^ nflicn ^wTOi TO ntttcaf cwt^ Jft i cf«fl ' 

a atCTO >4!^ •Ic’f nfllTO 20’00 IPtft •tf«lf tffl f Im I 

« 

9. nfiffflr* ttcvfTOcf «r**tr^ aifffn ••r* * 

^fkm itit* fitwi *tfi ^ nftfi « -ffiM fff tr^fTO nw MHttv 
TOTO 25 TO ffTO Cf *11 f It4 j 

10. ttftii ft TOiwi Cft* TOf TOJ, ’Ifftifi TO> ttfl ^f! •ifiltff 

TOto fro tin I “wr* «•ffifi ^tftffTO »fTOfi nfim tlci \ c^m 
TOti amlti m ft nfhrrt *fv flt«i itftf ^I’i; ttfti «i’»fii 15 to 
fTO ntlc* I 

12. fwt* TOfflp f^TOf^* fr«l l*rt^ awltisw TOltTO •ftaftf 
•ffllf Ulcv TOTO TOt*F 4F1! rtCf I 
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13. •rt<ri fff irfntrw^ f^f^i ^tltwi • ftwN" 

14. *[ 61 ? fs n9^ m^ti^ ntttcf mtw wlwm ilc« i 

15. *if«cfi * ^rctif iT<rff n*itff ^ ^tfti 

«irff WJi I 

16. it«rtt ^ ilri c¥ts«in ^j^i. mlnsu wtit wlwi 

If Nitff fticf >1^ ’iflitti frf^ri witfi I 

17. ff» -itftf ff»rr^ «tflfCff 5!fi ntith^ 

»lwi 

18. nrnicfi m <ltfN nltw 

ftn iNti c^ cft»i n»rt ^Infw itffr« ntfic^j* i 

19. |#i jrftfi c% cffj? nNfcf ff«r» 

nffit^5! I 

20. (ft^ ■ituj ^% fill c^tc*! ^tn >if«i wtiwtfti fftlii cf ts> ’ri 

8'^fl ^Ittf. -Mm (llufij :|ii *(ffiif I 

21. y\ nffl^cff *!r»ir« «tcitf5ic<itc<i 

^1 I 


<r«t« *p^f--alwpiwwi 

•WHffi ^4ii« Iff fH.»j, it«i mfv H. vfiftiK fin ^mfHi m. tfwi 

37/7 nf, vfntv) lln ««m ff« tISn I 





ftwC, ftcn. oiwfgsp. »iRii. 
(*nStftHiiir, RIjPrpj a^fc *ra^fRt 
4^ ’raRimfel 511- 

WMtWtt’RRS— 

fkt&sfmi fiif&nfB Zij/irrB® 

^-si, ^ cirt®. 

^fiwwrt-\ 


mm : (GEOSYN) 





•tt ^ Wi 



A NAME TO 
REMEMBER 


HAVING VAST EXPERIENCE IN 
MANUFACTURING 0»»AUTY 
WIRE WOUND RKM^STORS & 
ALLIED PRODUCTS COVFRINC. 
A WIDE RANGE OF SIZES & 
TYPES. 

Continuous pcfiod of supply to mauT 
major Electiicsl A Electronic projects 
throughout the country, 

MADE STRICILY ACCORDING 
TO ISl AND INIERNATIONAL 
Sl*EClFICAriON sun ABLE FOR 
ELECTRICAL & ELECTRONIC 
APPLICATION. 

HIGH RELIABILITY A PROMPT 
SERVICE. 


Wriu for Details to : 

N.N.FATRANAVIS &C0., 

If, Chandnl Chawk St« Calcutta*13. 

P. Bo* No. 8956 

Phone : 24-5673 Grsra : PaTNAVF.NCO 

AAM/MNP.O 






V-* r 






rrP4t 


rutfkvii TtMUtAffifi 



( 



f4d/44 l€A» 


rfpg^M.r 

IVff fVH T9»Mm*Tm 
ifoiTH rAi»S 



ryM^r 

tiM4^9TAt 




9m 

111, IflT—ti I 

2, »IW*I) 

3. V*T— 

1 

m9m mtfi c^tc fie 
Cfia :-23-1601 
17, flliw 


A nesPiCTABLe bouba 
FOB fOUB BtQUIBtmtBTB IB 

All torts of 

L\MP BLOWN GLASS APPARATUS 

lor School*, Oollogos M 
Roioarch InotitulioiM 

ASSOCIATED SGIEHTinC 
COBPORATIOir 

232 B, urn* aSCULAK ROAD 
CALCUTTA-M 

•IlIMM t 

BBC(MTtSB*tSBB Oisai-^ASONCXIRP I 
RmIAmmiSMBOI 












JI973 


5 




ftn 

<f^CW 

CWVM 1?!^^ ^ 
Wt» 

■I%1 

wn 

•wh 

^ti>n twtvi 

•ftw 

nftw ifrsfid ff*if 1 

ft«tai->fdff 




tHww 

m 

'it'Jf tw 

636 

IlfwtlW^Ntl Wf 

6)2 

f fijsjit 646 


6S1 


6S6 


6^9 

tflf T1 Ntlf« 

666 


673 

mftw wH 

673 

w1*If 

677 


679 



jlilliimuMjiL!^ 

\ ^ 

PRECIV4C 

Rotary 

P-J'^P Kf: 


PTREX TABLE BLOWN 
GLASS WARE 

•frtCRlI #1CB1-|WN fllW 

W «¥ti itc^ltwtwi 

Bf» Wintf% <*ww « Ifl^R 

L^fiitwtfvi 


f^i ilwTsm wn * 


8« K. Btowat ft Go* 
117, BowiNUMr St. 
Mow BwUitit Ctfeiilt»'12 


OfiMB: Soshitt Plioiif: 33*9915 
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fKV9^na^^9» 


ftM 

CMf 


•rHti 

WCft»l 

681 

•ftwf^i nftf 1 

••• • airfsf^ ftiH « W iif 

686 

« «ti ftff^l ••• cfNfi 

687 

Hi ( ntiit^tti ) 

• •• 

690 


•fm* ci 

691 

mn 

»• • 

692 

ftuti •ifiii 


694 





wc^» 1^ «fHtcn «(nrt«4)f 
TIW •iflwK’ll <ll«ftf¥ t 

mof^ Htlv (^) 

iiti#A<t«fi wnt »*-«•• -■' wy. 






^ 1973 




‘ilCTW’f *f<» JTI nt’— 

"mm « fwN* nftfti mvi 
(^tfitiV. 1948) <W7t» <5»-rv«r4^ 

fit! «iifti Infti# fnciWWi <f> 

‘<ft« nc«r fftcf fi?h fmu rcn 
w m nwTfi ncf f •ffln m 
«*i I itfm «ifti <1 iMfi 
f^4ifiK aicvjv^rcn 
ftwrt «!f«ff wff f«f«ii 
^ nll«Yt lira *mn «f^tn* n^fti 
Pttmu towwNri 
mil idKfi m 

ni^ i^iw ifw «TO ififf *rth 
HI <m ffi m n ( 


Hitni JiifU ’ifwri ci*ftl1’ f«« 
iff mi ‘ititwi w iiftfi H rf|l| 
•ffitw iciw! mr^iciffi 

«Cf If fW l^f •ftilCfl II 

Iff cffcii ifw iMi cft-r 

Piiti iftcif nKfH 
itwK; Ifiif fi—#n ^ m i •nmiw 
f^fii 411 mil cni m ciwr-- 

nf^fti wtmtfl 
«ftCW HCI Iffil! Ifl( f Pici 
iici -H^fh «ra i[c<fl» m 
i(N ^l•r^fcft iwfff li 

mi ifiiBifiti ofrfiif .fftmn 
iw mi-f’lf I fwff-itiCTi 
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•iTO wtff4 ti*4- 

tMftf nfiWf >!¥t*rf%f 
«rti—cwti^, I960) I w nftit 
cn^ %u^ «it<f mmi ^rw c*r*iM 
*iif>i « nfifti ‘itwrtti >n<fn* 

(fttif »r^4yi—1960 «nti wv 

'*}^«l *tiWI-*if«fi I -tlfifiif 

»rwt >icf • <•! <ffi 5r»i it«n 

ftlM W 41 fJI I ^rtirCfl (*fC1 

it«t^ «rciif-wt<fn ^tcf) Jf*r*rr **1, tmi 
ntiinti fiiiiv# iH^ wf^cf^«titi 
irerftij if»r^ nciifcfi 

tci4tit«rF I «fifV tttn 
^c« ^iftcii irtiti iM 

ffi— 

•w Cirti «fltl 4¥H ¥f*ftl 
•wt itit^ fHitirttmt «tfti {If 
lUftf «fH ffitf fffi 

ntniti {If ffcffi cffi ft<»n 
<I1C1 Itffl fflCf ftffW ftftll 
'm\^ f n^fttf «fcifiti ncf 
C15 fH f ntH w 1 ftf 1 f>w 

ftwti *frf 

ntfft f^fT "Tiff fH iUfi 

(?tltC<iftfl1 tff 

vwI ftn <•! 

• <Ti|f« %c«f fii cf n *rfti Cl, 
llwi%i fw fff *r^f 
•iftfIf t« fWf Iff «f mtff: ^f- 
fiwtl fWtf itltftl fcini-^i WPlf 
^ fPii ijr^Ri fW^f 'cf< ifiifti 
WCl %lllf^^ f<11 fflWPI 
fivrrisfc^ i<itf f 


flftf itfl, Itft^l 'll 

irfltfl ff1 IW fCl ftC< l#ll 

f^i nftKff ftf irfcittlftf 
%f.f 1CH I 

• • # 

ffif«. «ficf 'll «r:i| iw iti« 
•ffiftiti fill *wn f nfilfti 

<111 *Mltl iftlCll l^ltl ^fW 14- 
ffriTi wijtif •fcinwff cfi! 

Iiftiv ftcititifi irifl fiwi fff%< 
IK ficiticirt fw I !i*r« Cl frit n ti 

iHfi fnti ^ti Often ftc411 iil^VI 
ifilotlt OlCf flf flO Odlf OfH fll 
ciciii oiTtif ftift*tioinClftn 
iitii Iwi fcicm ^fit^ Ijwtiti 
flftnto 1 ici lei ffl I Sifrtfif ontfi 

ftfti i^itci ifi, fcfw OIK fiiftftim 
f^ffi fci itwi ftiti fiwttn lii- 
itJtii ^ite^ i4ofti fiwti fHn itii- 
'3tf f Oftflf IWCf OK IIK I cfit iM. 
Ilff» ifiotin OftCl >11^ OlfNlXil 
ftf*iii offtein owf cKw tnr*ii^ 
m iifi HI nftftii ifK fwni 
▼w nfiftiti ^if fff^ VWf iiftli 
Offtti otwi ofl itf li%tn I ofl 
^fHt^f iw Olftl It Off* 

cfif fn ffi rtfti fiicff-ol fftim 
llw If t rntmn nr f«tt"!lntii fi 

ftlf Ofli! »W Cl. 'WKf 

iffi itifif, PwF OK nofw 
lit OHi 4iflt % ’wi Wlffl, 
ft K iw liKiltirflciif offlffirf 
ittri ^ oinrifWi iitifo ootl* 
irt ICO 111 ffit ftfit 
Oflltitf OffPtl itiiti IHOI oftoNfi 



m 




oifI fci nm ^ 

wm <c^ «w wtw vnff 1 ^ffivtfi 

nvm Mw-4ifiiwtm fi't ’?!?iff* 
fn—Iff wit wii^ stirfit fw i 

*tt> m ftuortw’^ 
ftl€|IW< WWtwN Ctt^ if^tJ ^1 
wftitwf ciwft^w Pni^ fftff I 
^fftm w< iftftfi cffi^ Twtn 
•fftfff wl wft^ fw ftfl^ nt«!w 
9^ w, CT WM1 wNw P»:^cwn c^r^*t 
f iw *rtfi 5?i ff f 

»!^ci« '<fli •jfi’i’r « ftciti 
f^«t^t’ w»fcf •f^iwtMi >!ijcitnni% ic*i 
«iw ffti •fnwi ftfi wtittcicfwi 
c^ifl fiwtwi «t«tn 
wtti^fi itifiwwi fii wtw’'—fftwi 
*1 IfWI fflt fftf 

•ffiWf C^ft ff*^l ‘CfC«I- 

«iifi ftr» »nif ftit *ttii wfffl itct- 
f^w ft| fff ntwfw Jwtftf nilwi 
fir» nt«. cil Icwit *!fwmw t 

m wmci *r^ * 

rtit *d1lifi fwfiff* (fittfft 
f^Fpifi fhit^i vti wf*ftw)f 

wfltw •ffwH* *1 ftm nl<f wctkfi 
Wtfftlff cw wtJ w i 
*fCl CfV, 'CWCar Iff*, *^#4 ftW i||tW 

fiti #nti* 9n\ ‘fill f ft 11* wtf* «• 
Ifti iftl ffitffff fWtl IfWCT WHf 


ftriff wfitfti iiiciJ i| 

ftll ‘*111 l^tl Wftl TWtff 

^itntiiw ^wttfi (1. I, f. )wnti 
ifWf ftlftl f»«ll IlfIti WW fill > 
«*jfi nftin* ‘itif^fiw' ftftilf 
fkifim ftn ftciittii wTfi%i in 
Icim i^tw 11 f fwcw ifftfit* 
itiTii ftffi ftwti nii'itkii nwtiwl 
Cl ciwwniif h«fftf iwtifi f ftft* 
Itlfl ftftCI MK ftlWi ifw lHtl“ 
Ififftn fti fiftf t^iti i1^ ft«»» 
•Cl fn W1 ciM fft wfitw it^ 9\ 
(wtitm wHt f wfiiwi fit ft 11. 

ffnftn 41^ wiwi wtcw wwf 
m ft ftclariticfcii wtittii wr. 

fflltl ftl cICf Cl tfl f 

1t?1 Itlfl ItlW. ftl 1t<f If!- 
nil twill WCftlMI tilt! tit 11W I 
^11* n>tnrf. wiffw^ft iiitfi 
f1^ 11 WII tlf ttHIT ftff fltltl 
«ifff wtw wiftit^ in ttffitcii 
tnii fill iftf ft*fi nfwifi i^ti 
wtftf fi< wftf Ifwcftfifi fiin 
tit »ftfifi wtfft ftr< 'W 
fifftn cl nfikti tilt <ffti m iti 
ft iiti 11 ntfi fc* wtfw. fft fit 
ItitCf wiftif fii 4ftfw witftf 

ftnw wtit mtn in f ii wiitiftm 
wfi niwfifi CICf ftwit n?ftft«ft 
iflii iftf Id 111 

filftHffi tMWif 





ant* 


in^i ^tftt-ii fwif »tf tw rtun 'tc? 

wi '•rfi ♦ttf 

inci m fWl< 'stil ^tf- 

owi cn^twf# ^tci? 

•tfl »l1f«» fl^. t*! ’t* ' 

Wrt CfTtr«f^»lW *{^t<WI ¥C*I C*l 
^tMt I CWtl C»ICf-~C>! . 

V Util 

ild« I 4i«f3tt>f W ?! i 

4|ifi| 11149 C^l '9tc<rl Wt^l' 

c»frt I ^'l*itw wWctjififiwH ’itiU’O 
^tw 

»I91*I nt^lt ttfll I '*«r»ll MW >!«•» 
•Itiitvi 'itcf, 

n!9C^f 9taC9 ntn c^!«l 

mt •cici^>HtU9 

^ HWI ff «tt«r MW 9 C9tl 
91? 9 tt*it«^f r^^^csfi ww f9 ? 

9 )M c«ICf fW 9t«wff 

9» wi 91^ ^ WT 9tl<19(«9 
99W (^9tl-C9ltf9f49tl 91 
9tft»tf nv:! 9tWtW1 f Itl 9^ 9^191 
It99l 

«9tl«Wtf9fi9fl 9Cf 9t9f^ >r9# 
9t»in fw ntWfitri rttfit wm\ tf| 
Wl 9fri Cftlt^ 99 991tll 

91911 9lft <1, 9ntt91 tff 

Mi 9tl 91111 9f» 91191111 

9iri 9Hl1 911 C9W lwi|»9fN 

•r%91 lift 9tt« ll991 Itfl W i 


C141—*9919r^'» ( 9H 99I9C1 llHIJI 
•991 ) 9 l<19fl9 ( 995 91 19Uf«l 
lfn9 1C9 ltCl)l 9W 911 ’MfwmM 
1U9 IW 9tl ICHlcll 919, *19tH 
919 9 ^Clf 9111—9I fH 9ftl 911tl 



U1 


9*1- 

W-l- 

9-^ 

9*- 

i|«l- 


.W'3 

> 1'2 

>1*1 

i-2 

H«0 
31' 3 

J«’2 

W*1 


li\ fsi 

Cltlt^l «l1flti\ 9l€ ftflll I 

I—IWf|l9fl9. l--’9919ll9, 
1 -* 1 < 19^9 


fH wri ICT I 111 fstl l5 |Wl|l^ 
9^ 91 WHWftltl (^-1 9 |-2)f 
«ff«5 9Cli 1C9 ICIW 

• RtJio AstnmoinySectkHi, MrckMr* 
sic Uoiicrnt^t Sioptulo, BnaS 



ii ww W i f (iHM 

’■ntnrfMi wi (>i-i, ^-2 wt* Htiw, w •ff^n w 


Iwrrff )i mtn ni9 

mti <^~I. 

'«-2 NTtfV)» ftl CifC¥ tfti 

—mwf nv^cn ^cfi lit 
IwftnwPw *»i**ttn c*fcf 
I 

'•^. ^Xi ^1 •iwfi) %»ii -ifvfi 
c'lfcf f3«^f ifvvM nff** fill (<1 
^sTt ftsrt ntci) ^f«fir» 

ilw wwz*i f^fffii !|nr 

<Hi I cft*T 'rti 

{^ mx 'Mif* 

c«!C¥ ¥ic« ntc« i nf# 

ww c»r c«rcf iw«f 

ifwf td fttfI <<f ¥’^ri AW 
cfcff mw ¥ *t«4 *il»w 

¥1 WWtWm ¥«¥ C-ff’fl 

ftffii ¥ti <rfc#i ffP^ffi 

'sicff ¥"n?-*r<^n Pt^i vt 

WCWf 1%f ¥¥fC¥i t*TI I %ff fIW 
C'W Wtf «. ¥C« >ICilI 

•fwi fw 'll f^fwfim *«if 

¥f ff«ri-w fr«r («ir^cwi* 

w) n^«rt^p» ti j intfn«tc^ 
mfhf ¥cii wtfj 

fn W!t¥ « if%c« Aw% 

mtw ncfT 

wfc«rtf^» «ftrc«i wuPi 

*r«itw ^r¥tf< met wz^i «c«fiii wa 
t¥rt-n«t»ni ¥c»i t5 ▼Ht¥tfl 
Wi UtlwIHWCTl rtfW ¥ WVfCT« 
*rWRl <15 C<l¥ I VW <¥il*ff¥|3lf 
^ c¥t<i ^ c<c¥ ^itc¥ ¥f^ artrfini fCfi 
V1TIW v^tCI w WWH fl CiWWNi 


•Kew ¥n¥ tw Cfltl-¥lCfi ftftCf 
¥ftt tif• ¥fW¥, <i|NfCf¥?i 
« ff¥n« € c^tw 

*!fi»ltiFi fC<J ) I <i|tl^f¥tilf (W9 
¥tl c’i«ti-c¥Jtfif^»ri ff*if 1‘ 
193^ >[tc^ ^twfiftt Ifirftfti ¥1^ 
|fts(f^ iw•f1^ mUwiW WA Cf, ¥tltwt 
ifftnt<<f cfw c^cf cfit«-i«¥ 
¥t*iw I '•I ¥tfi<it«tf cfar ¥c«^ 

c<¥ri-:¥ftf¥f<¥j Jiim PrwttJff ^i«i 
ff I AW\m S<1C¥ 

«t«n—,<{ fiC1« ¥«f ¥tlltctl 
(1¥tl JfKf-n C«f«fC¥ <(C« ¥t*Ht 

I ft^f «¥tl 
«f<¥^£« *l« Cf'»tl'£¥Jff«f<«(J»tl« 

viftff-W ¥tctl «W ><1 C¥C1 ¥^1 W 
¥W» cn*> ifv-fl*?^ I ¥fl1 C¥rff«f 

c<fc¥ ¥rn¥ xi^ ¥^ii iffin 

«f<(w nil nc¥ fnit«i ^ifiitwi 
enm ci:f nin 'iiri¥*ic« »rfc«nw 

¥if^f^¥ ftPrin ¥«i %t cw?NMf 
ntfttlTI ¥twff tflt¥Wl flf*ltf 

Atk ifii u«ci cn¥tf*iinl¥n mi ciiti- 
?flt¥1 inn »!flttlJ C¥Tff^ CW 
Cf¥tl'¥lftf •rtci¥l ¥fltl Itf 

c¥Jtf¥f5«ii iitt wtiii irtfi Cl, «?♦. 

jTii^n, ttifnf. iCM i1itff¥fi¥^t—4[ti 

*!¥MI Clltf‘¥lC¥l tM I «fitf1 

‘C¥tlt*ftl’¥ '*rfnW wt^l ^1 

««■ c¥iif»nFi ifiri c*fnnpi ci^ti- 

2ii fk« ¥1# ci¥t<*c«trt%pr (Cl 
ewfl^ €lt¥ Cl¥tl-w WWw fl3 



638 




foii nfcvrt ¥11 itiwcw w! c«<m« mmi m 

tc«i I iflivi nllif cfM 'iff<tii ci^ «citff—^ ww i 

W Wifi WCf il^l f«1 fWtf I 'ifi ^ fW. Cfl W filfCi—Cftil 

^l^ fit ffft Cf Itfff fCM fl WVll ? Tifint «1 fRRfi 



cfti ftw ici« *if if ciwt 
ifftvfffftf ifK ciniiw 

iticf cfti ftWi iiiii 

%iti cftit^ti fifi <i ^rtitfii fH 
iClW. ftWCf «tf1 iHi Ci. fCff 

wri iil*iifi»cii ciif '«cfft ftw 
itiwt-w «iJ '•fi 

Wtl ilH cwnfif '•i^ 

Hv cicf ftlfflf fiwi 
iW fiti « 

iifiti «ititwi ftii mn% ^;i ntK 
Cfti Mlftfll W fiffMfCi. <f ffl 
Mjftiilwcitiif fHitcfi ftlcii 
Ci ifi^i w Wfii ffw» cfitfff cicf 
ilWf C«^ iirtJl W ORii w tfw w- 


Ciltfli f Cii—fCTi iWT fti 

ffiffi fti ^iii ificicii 

fiffii ^Wftfi fi ii* fCi 

ciw nflwfff iii 1 «rrt cfitfw iirffj- 
ff fi ici cii nif 

iftilff icii ftfw ^ cftn cft^ 

fit li ii cimii fw ftit, 
ft cftit^ti ff citf ^<Hi 
f cicii»<ifim ititiir tffi- 
ivtitit cil ifcin fif ifcifi f«il 
f^f cfw Mi tnW^ iit *!fw» 
iHiil fit cnnf.ii!c«iMi4^ftiii 
iti Mi I Mf fcii fkm 

ftf^ t«l if if if« MW cfiif 
itt ifc4 MWit fWl itti ii«^ 





$S9 


<#N>i 


(<KtCf wwi 

ifim fifi nrw idw 

fii« 



3^^ fkl 

f;n^ ntffii itit*f<r« 

tt^i nv^n I 


^t c f i itiwwi ^ ift cfftMf nm I 

iifci (Wti mfi) I 

fill ffW Itim TJtf I «•> 'fflli 
cii >rti ^iti if) !fW« iitfi 
Wi ^ftli iff cffi ^^wfi 
'itd cnFf ftw wt 

ftf irtnr, H iH w f cwt 

^Wk ifim cff ^ftnf (f%( fiftlcft 
flc¥ fMii Iff, cfi w «tf fitpf i iflL- 
^iHi ci fftift fttmcff f♦fi^ 
♦tr* tifiti ^ cm cfif W%f 
fJRf Cfll rtWf ifrtCWf CVCVf ftfiftf 


ifnt wm «Kff ftkff irm m 

cfwipwfi^ w wi nf^m frtiftf 

mfit ^itfii wtfif cf* mm ^ « 
ntrwcff fw c¥ti itfw 

net• ^fl! ft W-Mf ’tllff%l 

ftf ft! I f^lH*llW, f*111- 
^tn itii ftfw itwiv f(%W ft<ffi 
fii wi fw fiftk ill? c¥ri cftft^f 
ftil WfIf fi mtftn w• 

cw ciitf-ftfill ff^ 
lili litw ••fiitf fifiwi iiift?l *1!!if%i 
w nm •ttii ftiij 
vfifif ff%m 1 ffiiii cKPf m 

cfffin ftft*tw 
iliftl *141 ill fill fCfll 

( 4if fn ) I nn^ rfffi^f 'flispf 1 
ff^i f#fli tfkiiti ^ fH «ifi 
cf tf>1? ft 11 fif I HftCf 1 
ftfHf ftfl 11 Ifitfifi'.ffi f^lUr 
fftfi Cf Iff f Iff •ftm cfti I fitiitl 
Cf dll f fcfii frtt^l itfi fk|li vif I 
ff 1 CfCl Cfflff 

cfwiff iwfftfftf ittftf-cwjtli- 
ffflfi 1941 ftcf CH 1 CK td 2> 
fffttffffk 11 itRff ff Itwtf-Ift 
few ftfitfj»If ff 23 ftf ctt> 
ftf Cfltf-lflf Ilf fttf Cftl I 19fi3 
ftw OH Iff 2‘nifftrf!®ll 11 fit 
fif cfitf-^i^ln fa i Iffifctr ift tft- 
cftwnr ffftif (11 ff) i!%t f« 
fiftln 1955 tta 21 Cf. % nf-kfi^i 
OH Itfittai ^!ff ftf fit 1969 ftlt 
fftit rti iTfwtl5ifi(NH.) ifi Iff tm 
ftf 1^ fH (H»<^f If If act 
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«1 ^ICH fWT WlV^MPfilf 4W C^tW WiCWf W%1‘‘ flpJtl 

(BW f<fw w mf9 »• nVtv* timi ww n% 

»£«»ct (!*»' c#r*i»iiN)i itti WfO BfiBri vct w Bt 

<CMif5l WlI ’Ttfl Wl *fn «*11 



mVfr sfiSutrsr 

fsi 

•i4c«wpcnf Pif** fcur bib cf^fscii Bfan i 

bIJb 'BII r«fi C4C» ?tlcf c«fftl Wt*TC« BfCl I 

n»*l« ftlll f>citll B1 '•t *flCB fiwtl^n W« Cf f^l fniTCB 

Cfii m$n triicm—W mx Birii fi?i wli cii Btfwl 

C^tBl CW 11 f^»tci Bt wn ? 111 nil* "it fit! Bl ntf «rfwi¥! 

ntcnl nm finti i ii m ifiri wMIci 

iwi I fkmfim fHTB, ifBfiti Btw ntiri cnct cici *ftci i ifw 
BfH «i Wil 4ff4i icf W CBCB fVnfd m W] Btcw? 

^ veil ntini iPi n *!Bcn cBti irciw w«i 

iitBWfBB ifni ntitc» nn bibii mi. ntcit 

It c^f icB ncii nntci iftist i?p fin n^Kuriii niw iirt nifi w tti 
niBifln «i fifiw 11 citiiflFiti mKH itn icmtntci f1«i t*rtCT <iil ^ 

m w nm i ncf I? n bIb nv *ft| 

. l iily Bfrit itfi utin 1-w nm €1 mi, itti ltd cili nm « 
mi li itn mi iw fill, , «f,ff jitlffn 

iw. «ww I li •fiiti Brnwi iw il%c!i, i^nci r. iwcf nik m isf 

imtrit w nti m mi itci i nci it«n jci , a ,iittlj»f -mfftmj’ 
cwH !w» V ^ 


lOD* ijlw ««tr cwrtfifitw flat 

cW^w (irwtwti 3J0* cni^Jt) « nil m •tnncftt wf 
ftn itif Ftcni 10"^»• wit«i cil 

nfffttiti nJ*! nti ^ ,«tfnffHi cn niw^i fNirriw fw 

nti« isf^i ^ci I 1* 

Iff nfi• mwvsf m nin r ntn- tniifi > 6ti**nf 

<f#f5if cnci if? ititifif 6f3Mi «mi ntff• ni%i< itn Imtcn 


fi, 'll c*!i 

Cf Nfl ? mt 1 

cf ir^f, f 1 fii >11 «r» ttcf 


cIRfini-i 


^mn 

iji 

(GHz) 


OH 

16,1 7, 4 8,6*0, 81,13*4 

nTtcit^il 

NH, 

237, 23‘>.241. 25 0 

n^ii 

H,0 

22*2 


H»CO 

4*6,4 8,14‘5, 2« <>. 1408 



145-6, 150*5 


CO 

10i>‘8,110*2,115-3 

—- 

CN 

113-5 

itlcftititfif 

HCN 

86 3. 89*2 

ntiwi mififefM 

HC,N 

. 9-1 

ftitln nimcf fi*i 

CH,OH 

0*8,24*9,25*0,23.1,25*3 

mftf nitf»i» 

* HCOOH 

1-68 


CS 

1469 

ftfSifi nnrin 

SiO 

1303 


CH.CiH 

85-5 


HCNO 

21-9, 87.9 

mwit® 

OCS . 

109-5 


CHJCN 

110-3,110-4 

wruW 

nh;iico 

4-6 

mtPiw njwwftfi' 

CH,HCO 

1*1 

x-wti 

T 

89-2 





«C¥ m ¥¥¥ ifij 

ftfVfi¥ n. ¥tcfw TOfJ C¥f»»^ i|twt¥- 

¥IIWI fn^KH 

Ittl dHiti, nw »i»¥ iftH 

fti5¥c»if fcf ^n I ¥tft«i 

^n« cf cft^ ^<.>T ctcftf > if%>f\f 
nf5f?t ^rfBfct ¥tcn. ¥twi *ffc«n c¥cji« 
ftf ^ tifi •iftiftf fdi fw 
*w»tltcf7tf^«:¥ 

ltd cT<n «ci itcf c«nitf-Wi^ 

c¥Ftf«fcfi ftcfi fttn <^itf- 

wci ¥¥? fii iffi I ¥ 

cfiti-viw c¥t*t cmtf%% 

¥!-« W¥ fH r¥^, ¥1 ¥t¥Cl 

¥w ^cm' f^rii ¥ti ni^¥i- 

fflt¥l 5t«ltr¥ fW I ^ffti C^I CWItflWI 
¥rtc¥i mi «irf-if¥ csi^ mnt ¥i-« nf 
^Ui, ¥rcfi mT^n «ffw ¥ic« fW¥ ^ 
i<ii't¥rcn Prnt ¥«¥ «f i 

fT^ll «l*fl C¥t^ CWItfw W¥ 
v<l-Ci ¥lf fn|1l¥ <1 f¥in, ¥tl Hf UtlW 
flt*J¥ flW^ Cf f^ft¥ ^tW 
arc¥^t i|^n White Se&di Missile 
Range <tlf ¥¥l> fgff® lt¥> 

1962 ¥tWi I8l >rfNff8 a 

<»¥i C¥ ^KM 

¥wr ¥tnrt wt Witf ¥«-ci 

CWltf^lWl llf|¥ IW! ¥tl I 

«l nlhPtftf ftfdicif|(i!¥ Atteikaii 
Science+Engtn«eritt| Inc« Matt* 


chusets loftitute of TtehiiQlogy 
(M. I. T) 4iti¥ fff 

fe«fe\i ^Tfe ennHi %n 

^feff|¥ire ¥it w fi, 

¥ltri ¥l cm fp5ft!:i^ sgef^, 
wi fi*i ¥tt enifli imw 
¥11 fW Sco. 1-11 ¥1 •11 *rll¥i- 
<flt^ T«¥l ¥11 fl Sltni 

ItlflC ¥1C1 Rf¥M¥tft W ¥t^l 
11 -¥t(fIIWT Wtl ^tltflll ¥¥l I f¥l 
enwlin *lj>f Hl¥f¥-fVf^ ¥1 ¥t¥tf 
HetfWl ¥tfniT¥ Cffti m ¥1—> ¥¥ 
¥tC¥ C¥t¥ CfTlf¥¥ UtOI f¥ Clt I 
.¥lHRl^lt¥l Navel Research Laboratory- 
¥1 wtfifiwtflfl wrti ¥^lffi¥1i ft 
im¥l—¥¥¥ fW ^ ¥tltllf^ 

5«¥tW ¥tC¥ ¥[tf» ¥n €11 ¥t¥tf I 
¥^lt(l €rtl ^^irfi¥tl Cl €¥¥ Clt¥ 
¥1"C1 ¥lf tl¥tfl¥ 11. ¥tl Mill 
CiWlI €tltl lt¥l teiW ¥tl M. L T. 
¥1 w«t¥llt 1966 ¥twi 8t Itt |Hf 
¥1-C1 €¥1|W ¥nnt¥*fi^ 
ftl ¥lt»l¥ I ¥tlC¥| fi 

IWI Sco. »-l €¥l| ¥lt €tm cm 
¥p itlTf¥ iTWltltl ¥¥P¥W€ll¥1l 

f¥|¥t¥ in ¥¥t ^1¥ H t|tff« 
lCTlf-"¥tl f[j6lt¥ ifttliHl ¥ftpitl 
(RotitlQg Modoladoii CoRteitiorXl 
Utl Itltw ¥f-Cl €€fll €lll¥“f^ 
€11 llff vfllw €111 Ifl Itm I 





1969 2iv n9h>\ ^ 

9i<nt9 «nr a icfl tcm, utrt 

ttiHMi cwitn ^itw ^n# t^*i 
<11% I ^tw! mt 

itffWI »iCW1 C11 ¥11C1W II, f¥f 

utwi ci¥n4^iit#tii mM 

cwti-irTO wti w w 1 
¥| i^rtm ¥¥-ci «¥f c¥t ntcit. 
¥t<lf1 i%- 

^IW-Cf Wlt*lt1 ¥1t^i I t^w- 
% (Wisconsin) fttfsinctl ¥¥-Cl* 
C¥rtf^fw«4hl 1CTW, %-!% 

Oll-Cl ¥!¥•% Wl ftwl 

i5r»: %m ofW9 ¥t«fi 
^ri (Korth Polar Spur) clt¥ I 
Cff^ltl f4¥9l¥l aftl (San 

Marcos) #ln cii:¥ 1970 ¥tC«t1 f¥C>|l« 
itK •<¥ (Uhuru) 1t1¥ ¥¥# ¥¥¥ 
4tf %t¥tW ¥l¥ ¥H1 ¥11 HI >9W<9 
«¥1 ^¥fH1 titf liN 9»n 1¥»l tn I 
1972 IfWi ^¥tl 1tC¥¥ ¥# fTlf 
¥% % ¥1^ ,1Clk 

Wf¥| cwpf cm I #1¥ ¥f¥ 

¥ijtf^i «it<Pi¥ ftwnrrl * 1111 ^ 116# 
O'CI 1l¥Cf1 aj^ri ^t¥11 C1C¥I 
¥# <¥¥ C¥rtt%¥¥#lf ¥¥-ff<K*Tl 
<timH Cfrf^f WC¥ 111% HI 
¥tf itH, ¥fi1 Wi: iftfiiti cmtfw91 
^(fCI Slttfl ¥rfl¥ ¥W¥ •ll-Cf W 
ntfifi m—'W ww I 

1f¥C11 ^1¥H, 

¥1 1#^) ¥#£¥¥€11 <Wi CW ¥ltWf¥- 
fVlNtH ¥WBN|¥» <¥1¥MP¥C¥I ♦ 
¥flfl% TOICW C1¥tl f|l'?%11 UHl 
¥|flV¥, ¥1K1 «¥1 W Mn 


mn c¥¥fi Cl ¥ffffit i4itw #«t(N 
inci» Iftf *111 ¥llf¥tf#¥ ¥f ¥19 

(Propottifiaal Counttr) I 
¥ C1¥f|-¥ff ¥tC¥ 1W¥t«ltf¥^ 

filVl ¥ CHri'fliWl f^fdl t¥1 CtCf# 

ITIItl ¥11 1«, f#l ¥K1 ¥if 

m 1W %¥ll¥H wHtf 11 CfH 
11t¥tHltC1 1¥¥ itCf tti|% tH¥11 

¥m ¥11 ^t1¥f 1 ¥¥¥¥» Cl ¥%¥ 
¥l<l C¥flll (Photon) ¥inf¥¥ <f, 
¥fl| *|1l¥ntt¥ ¥^C¥¥ ¥# ¥«f I 

niti¥rf¥¥ •niicii «¥tiff 

1C¥ nrci I ¥W¥#C¥ ¥¥tlt H 111 H I 

iffff ¥tii ^fitcf c¥ti irr*! 

¥tl util H fl% I fllit,-!#^ (Electric 
Circuit) C1C¥ Utlttf ¥% ¥tcitcni itll 
<# ifftKi iwr ¥¥#i dtin %vc»¥ 
¥«% 111 ¥t1tcil ItCl ¥¥# ¥ft1t*l1 
^tCll ¥tlt*ltl 9r¥l¥ Cl ¥#11 ftfl 
Htfl lt¥1 H, Cl# ¥¥# ¥t¥J11 1t¥1 ¥t¥ 
’¥111 »(#¥ nt¥ I ¥1|»C1 ¥lf m 
Itni W fifCl ¥t1tt11 f%¥Wi 

imil C¥tl'¥1tC¥ ¥t1t¥ ¥C1, ¥11 J) 
IIP! ¥11% 1C¥1tC¥l f¥ 1ltC¥¥|l 
¥' 11-¥tfC11 ¥ftll fVflVCICil 11- 
¥tK11 lf¥ %1-1#^|C¥ Cl ¥^C¥¥ 
•I# ¥ti, ¥tC¥| ¥W*C1 ¥1C¥1 ¥% 

HI It? I Rfr¥tfi¥ ¥in ¥V¥¥— 

¥¥•« ¥ftfi im «il If %¥ mu 
(Gama) ¥iCff Hi! ll, C*r¥f#r¥ ¥l¥^ 
^J1¥ HI IhlTi Itll ¥ Iff Cim ¥tW I 
%1-1^tC¥ ¥11 HUB 

¥l¥f1 ¥111 Cl, 1¥t#t Id tw itmit 
¥<¥(1 ¥4 !i Htl in ¥¥• ¥¥l ¥tl 
^titiniM m nt t 
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(Teleaetiy) 

^f5r^i« <iw^4ni ^*1 
m •ppn mni niOiw «4r-c« 

Cft^K ««cn (Spfctium) 

11 f4« iffv I '••c^ ■vn^i 

(Puitheight Distribution) I 

4l orw^ cwtftficfii sit’ll ^ntti 
4I1IH1 »iiii 

frfSlCf *>^*1 (Hard) • ClIW (Soft) 

C<«% f41 ClCtl *ltC« 1 

cftlni ^4114^ f«i 4tfi (Wtf 

HtWt4 4t4 «f^tH ilPif# Cfl^CH 
'itfw 'Ttw. ftwici4i«^ 
«4i 'ttfi ci4ti citm iti 
anr-ci wl cfiw ‘•1^ <141 n 

cit rt, «ir'(i f ntirii’i: 

•lltntf«4 <it« «4| 

•if# «iiwi fi«in. 11 w *»^ffii 

•44 f^f 4f44^14l»^ '• 4tflfi|4 •4418 
>11!tlt41%i| C441 (Continuum) (Iwt fw 31 


4fl 4^4 414414C*f 44>fl» 4rt*f 44*1 
^ 41^1 44trrt<^’4 4W4 

•1t«4t4 4y4t1 ▼It 4ttl I 4|t4t4 
ftll *wl4t 41 4rci 4114 4tf^ 4441 
ificif s(44{K:4i ci*^ utm '• 

C4tt4» 14. f4^IC« iW 4fiM tflt4 
aitH *• C4tPni 14 »i41 #4l4C4 
HlCfll 4Tt¥ t •rt'ilT HU (iHtClH 
«1 HC4H 444 Ht4*4 14 I 
«K-C4 UW H4114 
ff 4C1 ItH 4ttl t CHItflflHf^ti 
Iffl4 Htl 44lfH H1444 IIH I 

lltlt ItW 4T3tl CHI Htltl41 fifH 
nl fH CW#I 

llffH 114 Cll 1 Itl W4—Htll 

•nti (441 1C411 411 ffcfi iir fill 

C44C4 4141 HtltC44 Ht»l# ClWtl 

11^. HI <8f Cllin 414 41 f4W 414 
ItlT IfICl C4C1H <4Hfl 4t4 411 ^f 1 
itMtHtl 4t4W 4^4 Hf^ 41 44 1141 



144 H cWlftItl 4tW hI 41 11, Hliw ^ 4C4i W fiHl W Cftl 

flflfll HtilClf HI <ft414 4t1P?1P» Htlftf ^ Hfll Cffl Hftn 

4%-lNtC11 ifiWH HUH 4tfl ir» fM HWHffH Cfl W HU 

144 04 (TO H4K4 W H^l fWlH H» •TOT WCHll HrWfllt4< l^» 

4%i Hty it fH H 4tt4C4Il iflil itHIt U?llH4 ww TO?8.4m HHWl 
Uf 114 ■ HHUPI >Wf?> 4C*» lH4t4tl 41^ 4tTO <Hl4 44 41 Hif%l 







ft nim amm 

W ^9 Hf^llfl nwi f<nfif-<i 

ftwr TOfi vwfii 

•Il^Cil ^itllt*!, fff fJf* fis VWI 
mj S m triF iMi ft j 4if^$ 
♦fwi tfcv #^tffr»i 

f5*tJWI «ltfH f •mW’TCif 
CtCTF *Tf »wil nfutw 
€W^ f| >|Cf« ^ wm ffl 
cftsf ♦Ufi ffir c#t4 Mii-cf 

wi cwt«tc»« <t 
W ai^tril •!t*l «l 

«rtl (Sbt Collimator) ’I*?! 11 t 

4wtcf <r»i« nf99 w(t9\ c»f(^« »t« 

^1 fititi 9\ W'll 

<«»l #ff ffCf ff«f -iftMJfff 

‘flWI fw—umi ^tl ^11 ^ 
ffnc^i^icv (24< ft«) ’iit#!-!- 





2 itifsa 

ifi cut fUCTt >IWt« 
mm nrfW trti ^wrw ntH9 
fitc*i 'ttfifv ^ mf'Cf 4«rff 

mm ^11 fH 


til wfi *w «»l ¥Cn 

»i!tfi^ nf f« irtft»r 

<!« «i>*»Pki^ 

-^«-ci w <w f^trt 

<rf« «(«i|| irtj^ f^d cw <«ff 
( 2^^ r»i) I 

^fftfi cwtrwcfi fnwtw 
tlt^f«lf WCf (.9 flfilf litfti w«. 
«tt mn ’ifitcw 

(Rotattog MoJiflition CoIltiiMtor) I <•! 

^ilcf irt^^f^wlcn ^V9 ^iin 

ntcfj Oil *rci »t> i»|iiwlwi 
«flft iMf W<ff 
'«fl8 ¥Cf fdl* (Grid) ’•Wf 

»!iitfif«i flit «ti M ^tlftlftw ^tn>i 
m fi { wn fl'fti w 4f 
^utiitu ffl^l i*fci 
jfunififi «i^i fit ^pp!- 

c^^cii«i^ «•! cwKm f«««r»ri *!Wlii 

4tft*iii ffii« 4f}l mw wf« 

rfif^if6c¥ mmn 
¥ffcsit <11 4| «rt< 
crRf l««n fti:« (Aximuth) « 

HWI (Polar DIstano*) ^<9 clW *1(1- 
tflfiprs m\ w m «i cw 
WHcniw «ff» tt«itf 

ffn\1 M (Alti(i^e) 

ft* €*«*) *tll 4«tc* «l«t** *rHll* 
XO C*|Cf9 l*tf* *t*J Wt*^l *tl *W 
efts? Urn !i ftlf *11 
H<lwM fAnteii >i$ftt*r 

«rtftw *ift** fdfftf €ti 
^ ffii ftvtf m ffl m i^*t 
fI K% fIf *{i ftcfff\* filfi m I 
Iff fitw ff’Oi 4m*il 






Wfxm «rtwi <wlf^ 
^•4K ^ttffi^lffi illiF-€fti if-mi 
w w '■ti cfti aitft wnir m I 
wn cwf ’ift.wfi •wM'i n^fti 
nt««i w n i 

^ ih* *ftw !«?Ni n 
»ii «ci 'wIj irlN <rit^ 

w fTt cf*ir N«li cnmu 
mm •fltJf ¥tC^ « >nw#t (Senii- 
tfy«) «mt«w, «l 'turw m 

•Hft fw <w, cfl^ 4fi 

1 vfkmm wi.» c¥fii ^ittft^- 
ftif ^ if«ii Iff «fii fw .Sn^ |i?Npcii 
fnfti «t ^Hf fit ^11 

•i^i* izott-f m cM <*r»f 

wci, «fcfi itit> 

•rwf fn ^*rt- 


ipfif«, fffww cvtrif* WiW I 

iwtf mnm 

««<f 5nf f4f%H 
<i|Wt (Pufair) i|«1« 

tnrintif} #v-c« mm m «¥i 
c#tlt^tl« fQuftttr) util, Iff c irt f i fl i 
nftff 3c- 731 fffflrtl w CllWPtl 
Ci|flf«ii (Maielltnk Clou^) fill ^ 
cwi «i-ct m 

ncfcii ««fl HlWi 

(Binarf) 41’Cf W (Can 

x-3) i' C1C4 cm ftf—lilt 411 
ifwii HI ititii Htni im 4w<i 
f^ffll 1^4 111 111 4I< Itiftll 

m •tmiitfH tacf itfti. w itifi 
ai-ci fifiw cm 4114 m «ii I 

iftltm 41'CI 411^ uttiti-m^ 

n cfiti-fiflm mm nn ff I 


? to ^tc«ftt&t?itltf wNt4:^ 


4l4ft4 itntlllPlttltl (Bbferti- 
liier) 41^ (Biciarial fertt- 

IberV—4| 0 lit 4ti| C4t41 4tl 1 
fm cm ^ lltl 4ti tail f ftiN 
Itltw C414 rW4 Itin ill II 
1^1 111 inti lit n Clift 'ift 
fttil imt tt V (Bacuria) 

II mu (Algae) Itici mWHClltlr 
IK4i IjP iftilwiiii IV Hi Ifftl 
IIHIUIIIV ITlItl lIUll Cff I HI 
Hfi wTirMri It ifciriiiiwifi in 


lit 4| ItlftltiPlftltl imtlll—(1) 
i)iiiift, (I) m4!*4tf I iiitf ititv 
Itltf l-TOflW wv*—(1) 
ift^tlll iVfH) €Ntl (Fret living 
nittogan .fixing bactetia), (2) ftcitltl) 
llitt (Smlfiotic baetetia) 

(1) fygtft Iftt tllll W < ^ <#Nt- 
wf micii wwii ipci immci 
Hill Hi impfii 4^fti mdNm 

♦ ilS^^i w, lift 
11f ftm iftrt, 





cff i4il wfitt 4Ktt 4^ «rf^ 

m 3 m 10 ^0^ nfi itli^tciR 
m WK9 «ftw 4<l\ «! «1v 15 cw 
50 ff wt ^ntntfhti *rt»imli i 
<•1 ^iVnt fwt wtcwtciJmtlti 

(Asotobactet), i^fvitit (C!o»tridiu»>, 
(Biejerinkia). •tifilt 
(Dtnia) Nrrfl I 

(2) fWt^ wnPN 

f^fw fi •twrt wt^JN irtrit fw 
V (Nodule) wtM vfr» 

w vcf ftOf atl- 
cltCTFWinfiaM at%f m\ *•! wt*^i 
ttcn n^ir ft, ^t«w 

40 rtw 125 nFCTl. nil atl4H 

w •itn ^ 

«rri aoo cn? 625 fwm ^Ttwtf^iti 

nrtwEli «ntai I wtilf iflftn ntn 

fW1 itliwtfklt^ (Rhizobium) [ an fir^f 
ftW wirrttfl ffPIl (1973) wm « ft«tti| 
<rftK» ) j 

••I 4ffftif 1^41^ Ifff« nrfi <af 
nWl OtWI (Blue-freen algae) 

wfni, fluiopf, iRNCf 41 <tnw¥r» 

¥W 4||{|tt4R 414 4Trnr •ftcil 

ICTl m ft WlHltf I 'Itlftfl CfW. 
fftt C*WI, ftWfU 4t4l1t41 <4111 n 
4J41fllW[l 

iifi fft ft«m 1 
■i%ftwns cull iftnfftfii 

IWfttll 4W fWTO «fl 
OnfUii nd (b||lf nfid icinpri 
nmwtdtin^ initt 

•flftr «44 «fl 0l 4i t fl l1 1«1 ^ibl 414* 


ftv 411 ftpf wtwm 4(111 im«f/ 
ftpwu OnKfl, lllltfl, ^ 4Mfllt, 
ntift. iflit»ti il 41141 ifNtt* 
Itcif 4n44r 4J4lttf «fl tHH ItlCl I 
npRltH f%I fn f414tl,lt0 

1 Irtijf C4<4fl »a| imwtl^llfl^ ^4tl- 
411 414411 lltfl 1 

fttfw—ftnui iiftm, infill <4lirti, 
ntW, ficiTlit. ittiiT lUi cfH If 
irtwKliirtOli i^ilvfttii 414411 m 
44nFCT <44*11 til 44 <414 4f llWh 
ftitu ICl 1414 liw 411 <4<f <4. ftift 
Ifdlf 41 fill, C444—4l4, 44. fll. Ill, 
*41. ifn irifi 4<i nf iTlcil c ti iy ll l i 
4Fl4ll-4tl 4144114W 4ni 0^4144 4llW 
10 C4tl 140 114 C4<1 4111 ll 44 
4tll 0^4144 ITlCWtt^Ittlf lPl4l4r4ll 
4?4fIf irci lift <4r»tf. IH fn Oflf 14 
14^ cfftn <4111 ft4l1 C4f 4t4 
4141C41 CfWi ftH OllfW 24^ clftW 
Cfnmiwll l| 44 4C444H 4*4 C4C4 
nlllCfl <4141 ItWfl 4^ ftfl <4 cm 
41-11 <4411 il imciitOiiritti ifint* 
41C11 will ClCf C4Cf I 
fft 41—itiN 4i4, ii4lifti in c^i 
11114 fftl ICl ll 44 ^fttl ftno 
llfltftlf llll, 41 «n>n 14^ I Clt H K l 
4lfl4r 4W 1 

IJtClflllirflMl iftfll 4^lf— 
if lini iHfll 4ClHl4t« 11 ftwi 
imi 114 Him iiJ^M madiitai) 4<ll 
14^ Ilfdttn nn mn icnvN ifti 
44K ftftn ^llf^ m (SttrilSzatloii) 
111 ^nifftfClif if^ ft| ipfilt. 
CKf <4111 fl m C4r44 if «1#1 
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• Mm c Ml 


tifm f>r. 10* mm 

^ti^nn ♦iftf, w m 4tm (Gum) 

«ni ¥ifci ’iti I wi ^#tt* 

iwf «iti m%» <r#cn 

(^|4t>c»(P«sitfoU)fifHcf nfiif^i 
•mrfil 100 «yff¥Ci ¥w >fffiTf 

fn ^ i 414v •tmfl ftl>c4 ftfiti ¥1*1- 
fti 1 cw 2 fftiii n4i 4tw c^m 
ntci I 4l iti^fti *141 ¥it 

CVm ¥tCl I w C¥wti 4^ ftwt? 
4Prwi 4tla«4tcit«irf 
4f^ 4| tl «C11 ift4t5; 

>rtf ^ifl ¥11 W 1 »4im C4r¥ 44 ¥t»tstl 
¥l¥4 1¥, Nl^tW^, WlfCf 4, ¥¥It4, ¥¥^ 

4f fifwr wti^iti ntitcii i!n j 

ltj¥ i?lnf^-¥ti intiti •f'if¥— 

mtc^ wf<, 44 ¥t^f ¥t*[ni It 
’ltiW-¥ti (14. 15[». 

i4it ti, >rit^ti 4¥itRf) 4¥ it?i 
Cl C¥tl 4t¥lC14tt Ifnn m Clf¥ 

ntn I cw—iti, 41,11, f|i, 4t4. in, 
¥fl, « 4lJt¥tl4tlTtltl ^Itlf^- 

111 uw 4ifli df WwrfNt ^tcw ft4* 
cwtfNti t|tit^-»fti initi 1¥4 I 
men ^c4 HZ fft¥t ^¥C¥ 15/20 flfi|4 
mi (WlRf Itlltl 41 44 ¥4 4C¥lttl 
c¥w !4ni 111 ¥tmi 4¥ imiluoo 
mti) ifiiii itlc¥ cmnn <?lii5;4ti cm 
fill im fnt timi ci4tt¥ fi i 44 

l#Nt C¥ll ¥f¥ ¥C1 n I l^CWl 

Clt¥l;¥Ci| OWRltfltl TO itl tin 
wWvmi lirtii CTO 1111 41 41 
1T¥ 141 ¥11 ClW 4ttl I iTWri ¥41 
4¥l¥ ¥4f4ll lit* • 4tf TO ¥tf 
!RlL,4TO1i 4tl4 l4 f4tt (Laild«ing> 


^¥i¥ ilH f4ri cit¥ f4t¥ n t Il4^ 
mili ^c4 4ti ilftf 411 16 Clt¥ 15 
4t^ m cffi nm ^¥i iri tow 

¥TO 44 ¥tTO l ?| l t 1 * l emti ft TO 
¥1 41411IW I 

44 TOEtf lf^ftt-4tl IWlfl ¥114 
4¥1 €tf€ 111 4Cf 4-6 4f¥l'f 44 4 6 
4tftl flfllCI 44 t\4tf5r itTO 4ftl 
4¥¥I1 10 C1C¥ 40 ¥t4 4H 4¥1 
ifl It4c4tt¥l 111 ¥ir« 4ttl 3 C1C¥ 
10 f¥C4l 4<¥, II 4tf 15 clt¥ 50 
f4t41 4rtCltf<lfl TOC¥c4i 4ltl I 

iVw 44 tfiwi ^lt?^-4tl iriftf ¥lltl 
¥C4 4trn 111 4fl m Cll ft. w 

df 44C1 41^ 1C4I f4¥ lttf¥ttlf iffcri 

(Rhizoplane anj Rhtzosphere region) 

44 mill iPlitti 4^m !*¥ CTO itn 

4lfl ltlSC¥ Cl 4Wf 4l?^l¥fl¥ iflltl 
(Microorgeniims) 4TO, ¥tl 4tl 10ll5 
m Clll ltC¥ >4 4C4f df t4l¥tf Iticw I 
¥11 ¥tii 4tnii m it6c¥ if%r 411 m 
C1C¥ fn Tfl 4TtflCll 4llf4¥* ll^fll 
411 46lt¥t^ ff^W TO* €** 

¥11 Cll I 44 ¥till TOtlft* 1¥ ifllttl 
Iflfltl 411 TOltl ifn TOT TOWf 

¥111 TO TO TO* ••R* ^ V *f^ 
¥ttl C1C¥ 4|1 ltl4lf lt4cltt¥l 1¥4 
¥TO 4ttf 411 C44 lt4t|TOl TO 
4T¥ 4TO TOl ¥TO 4ttl I TO41 
ItiTO Cl ^¥1 4tl TOW ¥it TOW ¥! 
44 TOlf iftlt^l TOltt 411 1% TO 
tl mitir ¥111 TO ll W t CT 4iNl TO 
cm *^ 5lf 4¥ TOr 

4#ll TO ¥tl TO nftH^ 26 ITOTO 
41¥ Itffif TOwtt'm l¥f ¥lt¥ ntf I 
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4 nfilh iftftiji <«tf ir>ci fHw 
ifiRtwr *rw fi«ti wi 

«iti «f|fwr c^ ^ mxtn »K 

ITfltVI li ’^ff 

f! ^ fl. C>lffCf w ffW 

iCT I «lw ffw ir^ fti wtw f «• 
titi. iti war ftw >irw tiift41 cwiti 

Itltl Citf Ifl, 11 *ici ciw «t >1f ^tf 
«l wt<hr ffti fi jfftif II 
w <ni ittclfw w wi ntcii 
iftl? WfWtl 4| JWIClirttfltf tlw 
cw HI ffi m iff itftn 
If wm f« tfftcf cf«ii 111 , Iff 
m HI •rttii w \(,i cftf 
cntfi fi ^9 cifpff ffict 

iftfW ^ ftCH cftfl ^*1 ll^ci 
C^ lt*1l Cl *11 Wtlftl Ifjl *ICH 
iti h»ctI *11 wtwti VI ntH ^1^ 
cfd cH «fi\ ir^t *iHi irci^ 
rtW 111 I 4 *!l CH« <1 l^ltlf 
Hf C^ltf ft f3ll 

<tftc« (OecottpoMDC) *rtcf 411 iptitl, 
H ntf fiftcf HHti f iw im w *rr«ii 
fill 

HWlH CfPf orfl If *nw lewife 

pbot iPiw If m f«n 

•rtlw Iff f ll ftf IM UHtl f*f CICl ftCI I 
4| ff ftiffitf ftlf fHH ^Iti^Htf 
OnpM, 4H ftfjRl fftw ftMi 

nfiCT Itin 

fl iNHr ffAlt iuftlf 

WWI HfCf IfW tH *ltl CUT fl I 


4^ ifiicf fi«<^iig«)i{^i «l 

wnfti ftcn fttiUcfiff flifH 5 cHf 

15 •rtf HI •fin (cfffw 'fitcftHftf 

« 

HiKfllf fticliwwf fflfMl«ftl»* 
21 «tf ),(^ it^fcfn fiH ftfftfi cfn 
Cl%l IW CfCi|4l ftrtfn Cftf fifci fl 

film liicfiffttf fn 

41 ffllft* f«l HI 

411 4rtfw • CIC1 UHf If W^f 
HI 4« HH HI Hf < «tci CI4^I ftn 
well fiffi fl^f^fl I ten IJtIf IJIftl 
HI Iff ff 11 4^ ftCI 

ifcii nw *11 vflfi fftw iff cfIf 4^1 
ffl lIHtI f« ft, ICI HI# Ifl fci Ifll 
iK imtlflf 4H d^f 4111 411 *1111:1 
4f*rtl,ini > 4^41 »1tf Hlftl HI# 
4ttni II 4iiHf*i ff itm 

Ifw III £>lt *1Cf '!’• CI11 £ltt Cl. 
4| *11 *4 fflV 14 Htll Cftf- 

HI1 (Suieptiblc to diieaitO HI ItC# I 
HI hRkiUII 4tf Ht*lf #^^l. fit# 
iHf 411 f^m, iHf #1114 Htif 
irifti fiiti HI itlN HH d *11 Wf 
4lt Hilf t1#tl1 fl ft 4litffi# 
ftlf Clll tf 4t%. Wtf, 4^111 fttll 
(irffiI *fMn f I HI im I itUi lii. tfit* 
iflf 4I\ c^l 4lf1 »tl'4tltcfl tlCf1*l 
fCI ltH4 ClW 4l 11 4t^tffi# ^Wl 
4ftl «Clt4l 4H 4Cfl imi ClCf 4H 
frikl IfHf Hf I Iftcil 4C1t4l 
4f11 4tl»f I fflHfl ftiN 4^ 4fltl 
ffi fifI fw 4cif 4trtl If fWii 
fl#HlrtCiaPICT, flifi •!!• Ilfftwi 
Hf >41 *rtl Htf Hlftl 11 41W 
411 «filC4 ffll CHf frti fitf *tffllt 
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(») mn. 

' 22 

wi Wl« 1 

(4) Wfft 

16 



(5» 4tft 

10 


(MillHtttkt tad ShilaiiH>vt**196l^ 

>1. mn. ^n. ftfw 

(6) 

m 

nilftf (Samoilovi—1059) 

(7) IWlh 

28 

*1W ’^til 


(Mifhmtin tod Ntumovt—4962) 


fjfftf wnt% TO 

<8) fW 

,15 


«|»fW ifii 

(9) TO, 

20 


•fflw, () 

(10) 

14 

(t) 

18 

(11) «•« 

10 

(2) ^ 

18 

02) «rt^ 

65—(ScMfokini—1946) 





«tTO *ti)TO f«i 


■fWfl 

iritf rclffjtlfi ¥1^ wm 

References 

(1) ^rttffH 

335 


lARI Report (1963-64) 

(2) Hpf 

177 


Manna et ai. Rice 

Newt Teller 10| 13. 

(3) flKF.Y.M) 

57 


Sbende (1972) lot. 




Symp. Soil Pioductivity 
Benaruf. 

(4) 

< 

^80 


Thakrc and Saxena 
(1972) Indian. |. Micro- 
bid* 12,11* 

(5) WW 

33-57 


Sundara Rao etal (t9^) 
Indian Al^ic.^ 
20.279 

<« »tx 

.29 


ShMde (19^) PiupV 


, 

V 

thaaitt Moacow^.. 

(« ^ 

60 




. ♦* ■ 


Indian!. 


33i279 


h» A JUH 



■rivi fitwtlit 


•ffK'ftwt^tm ^ ^ fwt ftn 
tff ¥tll 

nfv i|i1l I Cffai OM ^ ^^t^ 
ifv ^ntfw >• fs^wi <iw«iw 
if* cittCT ’n w w—il It fn* 

^ itntri «rff^ « tif^i nfittn 
♦It ctr» itw I ttftti t^tit nwn n- 
^tf ^ cwvfkx icn if* i «ti- 
<rfl^ tffti if^ 

♦Ttit ft icft*«tit fff, 

<•♦ trfti if*cf mw tfftcf fit'ifw 
♦111 itfii irtiftf fPf iftw tmt« 
trtN nftfif I 

tnfft ?xn ct if* tt?nt» tiFrt itf ft? 
♦tin, ^1 int ttfi tittii « ♦til 
uttff ^1 iintf f^l ♦f IJ 

<rtsfi ltd cttt cftitt 

liti dtitf, c*t^ cfttiti 

fttfti tfff* wall ♦thifJfttf cfii 
tti, tlwtrti ifti citi 1^ cicf ♦tn 
*tW iCl <11(11111 llttKIW ♦(! <♦ 
in ItfiCf*, *f^ iffCIll ifti 

It* ♦cftirciii tfff litw cfU 

iti, tttifiKli cftmttn ♦(♦ cw *t*i 

ffii w ftn itiftw I titfft *(11 *t«i 
lintilftrticicf mtt 

♦ififii 

*f(V IjW irtfKii 1^1 fin iti II 
ww citi iftil it« *11 tm 


w*^ itw wti *tftffi inn I ♦titfi 
twmtn ifkti. ttijwn <1 *it ifw 
twftn ttn^i cti nifi ittifnflw.i 
wi nn lift ttiftti « ivitfi— 
<1 tin ttfWl If^fttt fttf tciti 
ftrrt I tii\Pif 1 W 1 ♦ fti-ftictt HC 1 
♦tl tfin 111 tinfift^ ^wtt Tif I 
*ti: dilrfiitt trrf« t^* ♦ 

ntcni «rtttf tittif 
if«w(t ¥ci fcm I i^tn if*» 

tfttt l«<»ifci ti ft*. ♦! twi 

wi, tfti Nl, till ii-Rvt ♦ fllftt 

if* I toi« ittfctr <1 It l\i ctcf If* 
ntw tw fiv^if*t« iitiifw 1 
tjtitH Pm ♦ tftt In*, tifctt 
iwtr* ♦fttici itttt 1 w ct|» 

flfi\-i^i •«.i <1 It litfi 

wmtiti »rci 1 i^ftitfictt 
ttt tmt uttt itfHtf tft tff, 
w ff urn rtcs iffct--tf, 
ttw vm itctr <1 €11 fti Wfi 
cintf €r^i! tci Idfiii <1 

nijfft ir*i trtfti lit f«tti. 
lld^itt, citfiittti wcfi flift 
etc* c*ti ftti til tfi ct. <ftm fIMf 
ifl^ tlint tw^ft* titri* 300 

tn itftw ITtW I *titfi w/i wi 
• iw ItfWfi *t ftf^itt 
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ihiwi 

^tw fw cf^ ulin c^t 
H» 2950 lltt^ »!tl1 nWw « *rtl«l1 
ifv m ttirf, 'utiff^ 2JC0 tifrt »ti «ili 
11 -ifvi 4ltltisi fW I 1950 

nik ^jfw itlw 62‘4 *rmi 
fitwft*! W1 rtl¥, 25*2, ID'S '• 1*6 
ci»i, <t!t*r 't 

cttf f f 3 ikj?lf ifw %iirfc4Wf 

Wl« W lift I kw CfMlftl 
SI w v»rt Imi 41^ tpi- »iti^ 

« Mic^l s^t fi I 4HR1 fftw 
*ICa1Wll«. W «tft- 

mw nc^r <itl 9wt« 

^iftl xivif viiffci 2 CC 011 ^ 
«lf»l «ltl ]6'8 £»'%ll ICS* 

nm CW. ^U 17*5 filjpll"ll» 
CW I "IW C4*t, *01*1 

« t<tCf H 4 t«cs? 34 ' 6 . 29 « 

21 lsit« tin I 20 C 0 lltW f*lklftl 
imitn «iflst*i wi sni« I 
4 k ifv fW *fli|T 1 :C 4 Wl 
n\ kkuftitu k»itfk «tf *11411 
4l nf 4iknr 

C4tl •iflilW 4« <f4} Slrt C4, 

4t«1w 41114425 ^t4ticfl| 
U 41411 SP|^ 4tWl 1411 1^1 
41«I 4k Cllk "iftlftll 59 44tw 4W1 
4|tl kkwflltl 4|4tk4 34 4 4lMl 

4 

It^h C4n, 4Jtn 4 44-fkllM 4k 

fintw cftftitiinfiIki citfiitic4w 
fkt#ti fivilcni <riiti urtv 
kit4 (Ilk •fRiw 4 

witk fkk^i nt^ ^1 <iif 

ilti J 


Cl wur -fiK ciwfkt* 

i?h4^ 4itifi in m. 41 im kkufiiti 
4 citftitii kkcnutcuil nl k t i t^ i i 
U -235 12-2381 U '235 clC 4 dtlinfil 
w (4 flilcii aitiiin fi 4 t 4 i ntkm 

fill 41 4K4Jf flk^ltni fi4f4ll 
11 ?f 4 4114 41 lfl 4 flkll nt 4 ll Itll 

4k 11 filti mu 4114 fikfintw 

fl 4 t 4 CH ffll 4 lS ftfm 

itci I 4 k 111 fmtini 111 Cl 4*4 
ifii km m# 41 41 c^fi citi .411 
nncm nuti 4tnni * 1(44 m 11 , n 
111 k*.itiiw umti fit 111 I 4k ki4 
HI fiw nitwi 11 ktinki. 11 tici 
c4iiciki nfici fiv^ kMiii ¥11 111 

filial ¥11 IWl —41 lllfk, 4 <t 4 
iktl 411 5000 C 1 C¥ 10000 llkl ifwi- 
in ^^ik 4 k -| 4 i- 4 fapii ititm 

kntii%i 4 tk u -335 41114 ^ ftiim 

IJlltl ¥*W ri 4 l 44 Clt¥ 1 X 4 r 4 k|C 41 

ifkcii mill mzw 41, 4iit 41 11 
nititlk k 4 jifki 4 mt 4 u 414 w 
ri 4 t 44 | iktltf 4 C 1 4 C 4 llfm 4 k 1 ¥ 11 - 
4 ¥!lftk| 4 klClkl 

U -235 lift 4114 Cl 11 4 lkcitlktll 
4 fW f 44}41 Wl—citft iwi; 
1>233,Pu- 239 4 Pa-241 
411 mK# U' 235^1 14 4 i 4 tfl¥ 

« 4 i»i,f ¥4 4 x tfw knni k^itfin 

1 C 4 ltd, U- 235 - 4 f 14 1(414 11411 
111 411 4 k fw# llK Itfl 4 tl 4 ^ll 
4 iftitcfii, n mill ii 4 f 4 iwi!ii 11 
W4 Ikkii citm ¥d ^ 41411 11 11 mck 

lltifi* 1 C 4 ltd I 44 #| OT Tii- 232 ; 



iH98k Ptt*2woi «{v« M nfti m vr* ^iwi im, 

A%#ki €<f cfH *ifti<i ftHiFfW nf- 

vt«t^ fft# ^ft<i flWI cTOfi^ifiiii w<«f wfiifJii|ciif wi 
Pa«899 c<c<P ^fi ffii^ titll U€t ftt» iti ’Itw I 


Ux 

5-10 tmtl 3-4 ^tl»( 4t^iwif 


U—233 

23 

2*3 

U—235 

21 

2*0 

Pu—239 

19 

2*4 

Pu—241 

21 

27 

tt fwtleil 

3F1 « fC ftHt^j^ 

tfttti tet fl tilcttclfi fiftt ntttit 

OI fit U-235-41 ctet fttttt tttflt 

t^t llcil^itt# tifftt tti ft —.*1 ctet 

ttftti CtW If 

M|t fteil tt^ tit 

U-233 tret tcfeti i tet tl itt 

If fillet ct ctet fvt-tf^f€ wet 

finllei ftfLiti ft^ tw 1 


•fin i >ftii ^ 'll Pit- 

fihrt*i •let wt ^tf f» tcf fillt^ 

2*1^ nttn tfl I U-235 If ftintt itfl 

tiet Pitit ftwt mm tlftii m fret f«nli nfttc^i fti, mm 
tKftct w«i wi •Ttr^ mmt^ ffftw <fcittt tcliftitt ttfi 

tKtfli ttttti »ltft« licif^lt^ ff^Ct U-i33l f#l Pu-239 *ri U-233 ctl 
u-235 tfet ftt '^tffl 07 «tt, ^f^lf ttfft ntK tl I Th<232 t U-23tl 
U-23d| U-235-<t U 238 ctl* W tftt tftftwnittt U-2;3 « Pu-239 

«tt Wtt fJHtl-ttif tti ttl tict ttwi Ux nt|%C« (Wft 

t?t4 let ifttifit ntf^ct «cf« ilci ci. U-233-4f evttf ft m mm 
rrtt m til 111 ttl uMfit ttctttt f-itt fill! ffcit Itit-tftii wet 
Hei^teti tut ctVftt fww tctciet ntci—fit Pu-239 ti ettt ftilt 
liWtt «fiwit ttl tftt tin tnttti fmm tt tt ffit tfK fiei 
(Mta^wnelttlfiei ftfiittlCt U-238 fivtii itttiti tttfl ttti fcti 
«t| ^ tet tw: PlftCl tet*-ttf M tfnf u-238 tl Tb-232 (tct tttW 
U-235 tt|ct% tfieittn mt ttttt ^ttetltl Pu'239 ttti U-233 tttt 
tetitmt itftttei twiu-aisffi^N ctetitftttKfwi 

tuttvi tn till tl «prAtit tpm fttfetii tliluttitIttetfet 
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^ 0-235 ftv^Cit 
^ItfWWf 0-238 fl Th-232 iMl ft! 
#i^Pi8|jntni wlf» «iiff, «lf wwirt 
fill ftfwIff flmlicfcf 
ft, ftfPu-239 11 0>233f 
ftfn cini ntcfi ft Iff fiwiteii 

ftf Cfffl fWH ftftl (Bweder) f1 fff- 
ftJt fiwtHi fif cf fwrillf fff 
fcfiftf cKi ci% 1 fcf 1 

f cff ftftrfi ftfttirtTfi firiwti 

Cffll f[fl ft Iff fffftlt flllttl 
fJtfUlffflri ftffj ftf fwifi VI 
fffft^ ftllftci flftJft ftftf Pu-239 
fffi 0-233 frti Cf ffKcflf f[»f 

^ fCf.f1 flflfftVCf 0-233 
fffH Tb-232l W Th-232 CfCf U-233 
CfCf fW If fffftll fWTttlf ifCf 
ntcf—ftii lf^ mitcf cffi ft«i Cf. 
U-233-fl f^ftf fCf a’Sft ff f1 VI 
f-iff ffttft ntffi fill ftftrtf! 
fflf-^fvitl fW ff^ ffftfCf fCf 1 CftI 
ftttft fCfl, tff «i^if f ffcfi 
ft^r« ftftf ff «ti fit wtffi «iti ffI 
fWft fti cf^ tfttf frtfff 1 fit vf 
filTltcn Cfftf Pu-239 f 0*238 ff^ 
Vf f If f-CfCft 0-233 f Tb-232-f 
ffttfrt fffffiinlf fit fff I 

LMFBR. HTGR. LWBR 

Ltfttid MtCil Fait Bttc4«t Rtaetor 
fcfi ffWi fRw tfcfi ff f If ff, 
ft ff: fW t^ftff fitf fi—fff 
ftf t^ftff fin Iff fWt<Vi 
Iff Mint ff ftf ffitif fit fii^ 
fifn fwti--ff t fftff wtf f 


ftfTfim ffl (Donhliiif ftcfp- 

fVf fVW WlftCfl RfIfM 
Hf fffr^ Cl fdt fflSfitf tifrff- 
cftfr ffWIiftf fflif fth-ff im ffwt 
ffftfi ft ftftf If ciRm.^tli 
fft If vitfif mt (ififiCTi fit 
icfi Cft *ni, ltd ftfif^ f 1^1 fiTcfi 

fitf f fftf^ iKitfif itf fin 1 fiftiff! 
ft fit 10 fftlf ff III 

f ntiff: Cf ff ffci ftf f fill! m 
fflti ffiff ftf ftftif If fiinlci 
fit If, Cft ftfl fflfl^ LMFBR-4 fIf 
itf. Ill Cf Iffiti initi f 11 If 1 f tin ft 
fintlci ^lll ItCf II 11, w 
ftf ffnin ftfw It let, f! fIIIII 
cftffitcn ttatf f n-^nni ftf lift 
ft ftcfi fit tf|v I ft fiwttcn utim 
U-238 flKfffffn Pu- 230-4 -fftfRf 
Itf ft fll M to ftiTl ffl ffftitl 
ftv ftftni ifn 1 

ft i«n flmtcn fffi ftitin 
U-235 cicf ci^ w Cfftin fftf tiff 
If fi I fitfiiifftn ft 111 flittlf 
itffi ftf ficff itFfftfTf ttntfti 
ff miti 1965*41 ftcf m in ici 
m If It I ftf Vfti ftii im viif^ 

Prtlnf mtcf itfi itfi it ill in 
fif I tntf ticf tci f ffiNi Id 
itft Mtcif fnf ton Cl fiitt 
Diitt If fit! m II. Vf fiilcif 4ftn 
cif^f fff ttiitf iifi cfcf t VI vwfit 
ftlrttin VfH fniftf icv I 
iifti iiiiii m iitf ftn nil 
fflftfffTCf* ftCI fff Vllftli fiUfftfl 
Vfi ifrWJf mrw fiiiiiifii f|wtw 



OTfl, 1973 

XM5i|to*iwincic iniWtfw 
m m mx^ flvtti cm 


tftcft High Teaptniturt Gtt 
Reaetor at ^ vH vtlf Hirtlff 4fl 
If waw¥ti^ ati «tt^¥ 

U>235 « Tb^l cm U-233 mm^ 
n ¥« ata I aft- 

afwf m m ajaf i n ft^ita atia 
« ftHa aww for autftH i aitcafifii 
40 caatnfth «al aaa 'aal fliiili i%7 
ra at^nr ar» fiati ai aitt aafc 330 
caarait^ ait^faf fiiTtlon fi^taaia 

afaci Katf—iriacajl fff <ai fjai 
<« atawja Rat caifiita fw aWti 
fintl* Ptatati aitaat fa#f ai« i 

Light Water Breeder Reactor^a 
atatM aa fact am Th-232-U-233 waa- 
at«^ fiwiti stattai at«, an aalata 
fact I 1975 flfca ficti at aiWn 
atafaa aatta wtai atcai at altat 
aaa tea rffa^li aat catffita atCM 
m'xi atait 50 «ra afi«i 9t,afta 
Wta am aia tea I 
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aitft« t If aaaatlt 
ftci amw atal ffa acaaat icatt—att 
ita at aai^n^ alti falifti afw 
amti aia tica i 

aitwfiati aittfaa aat^ altacai 
iri. atataa t^cafaita atatat matt ca 
<fca at aat'^\wt ffin atca—atia an 
anat* at^ <acf cfci \ atcaftai a’^atia 
ca 370 fafaia falaraitt attrea « amta 
tea, an 30 attai aw ttn^a i 
aaat ca caca 26l ntifti 
attf, 499 aifaa aca, mna 67t 
aim J at aat aan t9wnan 
fan I fca ttufiitiai aitft wa 
a^ati aft waattH faint i maflatt 
an aiftt i 

atii rffa^li act fautta ca aftt** 
afma mata 9^n, «l fasaraca aat ani 
ttfift fmttt ca aa fatata afw 
9 m ata»i mtif maat fHwttai ca aa 
9a.cai atta tacaa, ata aia aaaca 
aa ajaart tar® anta «jfaa\i awi aa- 
f la cac* art ca aiaa cat i 





<1 

%CTfC^W I '•fffW fiw w • 

w cft cftnr fjf f ««ji ffi cittlk^ 
viti'«l ^ nral iwfciirj 

cf >ri cm ^tff^ff c*r »rf cmt 

<itiitftftf >nt^f *j^ti 

niki f iRi cJil i 

nifl wf 

ititi '• Ui^c« cvi 

«WffW w ijiff «itttii 
V CiCf Wl, <!CTt *^1 Uft 
iwi iw fttw 

•iwtif 

fwcii 

ffi <i{|| irw w I mtflw nti« 
wf fffifi ^ttii «rqpfw «fli 
f^ flu f toI m 

fI • ^^tni c9^ fw «i 1^, 

irtf^f. »fWt, ?t% m<ti 
itmi ’Hft, wtm ciRf 9ft Ititfl 
nwf fit m I 

*iit^^ l«.ntnw ^t wf 
cfii^ cuti (Ttw fin I «m 

ftlfl tfl fVIt^ ftcif Cftf« 
%nf cwn fi ff I fin w fit^N i#* 
it^i i|f«^ n^tf fftfff I I960 ftf 
cfif 1970 ntf «rtf 10 fftf 
ftni fUftf Iff •Ufi flnr ntf 
cfifif I m cfifif fttl nif 


C«lflf Wl€ ci%f fwti 
W '•ff 130 cflt fWf ft 3cf!l» 
wif fififf Kfifini 

arcm fftm 
nf 'iff fttff I 1972 

ftw 37w i|f nfi nv fftt aoocftt 

•ftf fwnr fitflf n tfr 

mi f nif i 

^^9 cfti fnf- 

ff4h-r mf f^*n fI i(mfi| i H- 

•rtfwi ncTcm* c<% ntti mcf 

fltfW I 

1972 <Tflf 5 C¥tl fpif. n<M Cfll 
33 9fw U trn cfcf fltfw 

•fitft fififi fflllti ffhti 19n ftf 
ni«m 20 c^i cftfinlllfiif 
fff nfti ftif 10 w If ifitltf 
ntifflf 1 cfcf ficfCl I 

ffffl nf • ff%f fti flftif mi- 
?lcf 1 ftin »tf<fi «ff i fft^fefi cnmi 
cfci ftm wt^fN ffiWf mff 

c^i 

fff ftc#ili nif % ffm HifHN 
CM9^ f«%fi cif nfitiffntnfliii 
mvm ff ftlfpti 1 til jpff cm nf ffti 
54'Cfll WtCfW Cf% ftm 45 Iff If 
*nt^tf 4^ 2 m 6 ftntf mti fpw 
800 N ftKkfi m Anwii I 

41 fal nHtcfi ftf I 1956 fUf 
‘4|f| 6 i|fF If ffWfipi 



HIM* 1993) wmm 

MTvi wtm W9, 


cfH» iWiftiPw '• fwl 
jfirflcw ciii irft^ffi ^ 
mm Wft^i ^ Ami fvc^ci t 
rnanr «rtlnli mcmi »r i 

t^ntfcmr mi cifw 
imdi If mfWt fn Well •ft-w 
Hcfrti cmrifiti cifWi tirAi ifiiiw 
»ctI mm I iftAjf iitAitA <wi 
ffitw cafiw ifi 111 fWN I 
iftAi i^mmritA cw 
mitiA Am itw mr im. =^fci 
62 w li iitAi t^ntmr ic*, mti 
CllfWI Wlfil in 511F 94 ftlll I 
citWeli wn inn mmii. 

c^ti!, ic|r*ni, wtf^ti, 

iifi, m^fiii, >pfrraiPfit, citfin «rii- 
n, irtirM i?f« cwn i 

1972 itw w iitAnf 
41 n cmitii 4f^i i^ntfwi 

w inn mti«iffii «cifiiwi 
mfii fi41 

iirAi nitn wnl m Wn. 

itti m It iwn ff cfwi It 
mwl tffcti ^iirt iwfti*^itfi 
cirt iitAnt ttt w i 

m ittAnt mu ^m- 

tfilt 11 €r f% i «A icm fitAi 


6S7 

< 11 * ^tt m, ^Nlt < 11 * itiptuft 

cn t 

iim fcm ftf^, Hwfi 1 ifmf- 
i#iA Aewt cii. imtm i Wr- 
citenl ct*rAi cii* cn 11 rtf^wfWi 
tteii m im itfim i i^tt ttffi 
cm, tiffcii cm ^pjtl^ I 

irti ftn il It ifAi cm mtfiiff 
jfirAni cicit m iwi t 

Aiiti ciwi itfifi itm rf^Aci 
tretl etc? tfti ctn iniH ert, nmr— 
ic^fiit, tticifitt 1 Aiiji 1^ 

intnt itititf ii<i ttici I 

Iff Atii <Kitf 1 

ttf^cin I 1969-70 ltd nffw 

ftl 16,802 cittci 1970-71 itCl 
82 ttitt It itff Cf ClCl I 

fifinrlctt ttficii cicit im 
iitAi wni ctcin i ciii mi-pftm 
ct-f mitfi m fci, trci f^cirt tifAt 
ici ml nfitttcm i tfitw Knttw 
111 tfi I 

Tiftt cwii fm.iftAt cm if%f- 
cttWntti%At fctn I m ffl-<HifAiti 
.ftcil tci nil ♦ffi ctif licit ntf 
1 imrtcit 11 Iff utAt ifci I 
itfd 41 IK^rtint nfiffi i cittcii 
imn iti il-l ttfci I 


fip<i.4||HlK*lfH ifli WWl 

l^tilf ftt iH^f cmitc# ifl^i citl itiitii ffn citf-m mfi irnm. 
filirt fi ffmt m ifititcif <1 icmt ifAm mtAi mti itftir cm cimf 
mcf* m Hem it i m M i ii ifirf iifti icil, ititm itcn dti iJi i 
iKi mil I ifnfti iwiirfitfiitii ciff wwi imti nmfiffi n ifi ifi 

4 
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«rt»i w ¥nw». ttifi ^ 


Wl 

ilf 

irtw% <ff*ni nif% 

I •#! •TftfwnlH »f*r ¥WW 

WJt« 

«ifitn»i ci'tfft# iiNi^ f^* 

9« I* fn w nt^ii nifiri 
cwtff^ wfti snp 

■srUfiwi 

cftf wT^ ftr«f 

•rtf^rti «r|i nflitci ft«t<(ti 
ww mn i 

<1 ▼wi W« 

^fk *(tcf I 

ftft fWW, W CftWlftll 

»ri>«i (itl stfWi f^ci 

•litifi ¥11 (fttfi I *wtfiiw m itf 
¥•18 ¥tlt¥ i*tl I •t!*f<itf¥ m 

ntw it>itift¥ »iT «fwtn 

•tl C¥lllf«C¥ fiw ¥11 Cl«11 fll 

¥tini €¥t^ 9 f¥l Itljlls fftl 

C¥tl¥ft ft¥ iflttfH »«lt¥f«¥¥11 <11 
¥| IIKN ¥tfl lfl?t¥l 

<K ¥lf 19 I 

¥tit¥ nil «rtwi »rtf Piti nl^in 
Itfiiw ¥t¥ ¥1111 ¥11 f¥pl 

fit 11 iff! mtvn *»tt ^ 

iri^w \ 

fifir iwnp, «!i ¥¥t ftwi TJifi 
1¥ c\tl ^¥ttll ^ft If It ¥iwrfi 
(iC< finiii ^ ¥ic¥ irtf 20 ftwtt 


C¥t¥ ¥# <1 .40<¥V<¥tl f 
fil¥l ¥«¥«t| «fMtt 51 ilW 
witwfci ft¥p«iiitt «}am 
itc¥i ¥wn ¥¥-¥ft iiiti «i9i mm 
<11 ¥t(i| ftltl Ilt¥tni # 1 ?l 9tM CTIf 
I ¥r«fi¥ itiW«i wl ¥« 1 i| m^vm 
Cltll ftl t ¥t¥t^ ftcn 111 llfltl 
Ti. 111 ntf I 

•ti 'iTfftittli iwc«i, f!ift«.ntfi 
9 fii iTtntci ¥| mtii iifiii «|ii 
fifl iwii, tftlllW w It'Jtl 
9^1 ci«ti cici nfcii ¥tfi 
wi ci| m nfim itftwt 

•wifiitfifi km c¥iti|^« 11 iwt 
citi-Pfiitif it9it fii-ficitif clmjtdi 
<tftil ffll Wilt itiw I ¥| 

¥f If^ll C¥fl itlttK C¥C¥ C¥tl 
fkvk iff Ifl well Itl, ItfW ltwi¥ 
ftciliiii II itm tici 

ItCl I 

4 

l«lfl Itl in'liull ficil ¥¥ Ittw 
fit nn. Till niVfi'MiFi itmiiii 

IV vtwfifi vli nt%fti ftnl fnfit 

l^{f ¥l fit cHittn nfiiM 

vcitu ciln*f I 

f^f i«ii iiriKli wi to 
Uto itl IBtfllftll ¥t¥l|| Itl 
lien IW HW OTtH ¥V»l i ttl WH! 
¥¥¥¥ <W fit 1 ¥¥¥t^hr WW 

IftCW 1¥W ^11^ Cflf fttintl utljf 
itCTi Wn ntm-mtm mu Wi 
tom 

toi tftmti ton ’ttfti. 1^1 to 

ton *tii fWto toll! twrt fttot 





m mat^ k TO<» «ftcif ti€tni 

utt fttil ^mf^itil! fiw I 

Wi «iic«4 i %fW ^ >«l c^. 4«f^ it^ itt 

taw #w ftf5i ^ow, fWtwi twt^i '^n f<ftw ^iiwi ^twf«ii «w^i wn 
oiWH ntn «f «rt. ««w atq '•afir ntlfcJii «iiii w 4< 
wr c¥R^i f^l af#ci ^ tw« ^ti «iftc»t atf9l 

cntw ?rci •T«f—i;>!l utiti cff^cn fi a\ t 

tfi c¥W« «wta4 ctIi %nii «ntw »tiMttcf 

^Wat act c^Wfcn it»iufii^ fifki «w<ti nif» ^tt^iftcw 

•TfK ^¥, c^l wr^t c<it*<tn nirt* «•! ^rtitu Ifa^iwr 

c^ ifii fiHttfl f#ft ( c«if ff| f»fii ¥«tw I m9 

a wtat^f ntcn ••caw at«« awf f#i atnilw* 

aw*i a<ww #fi c^c« niit m\m, f4ci faU 

aufJittc^i »im #c««<» attt^ ( 


wt»rt4^ 

ffaal • ic»> fcfdf ntmn fk^ aw «wfa 

1957 ‘^at utl t*!i I 

I ai atc*r itftf am, aiila a?, ea atil W >i«l \ c^ »tf 
an aiwa *ift#H fw atwn 1957 ^ftatcf mUa y «ca ?ttfw ntff ffca. 
fttcat aaf «ifff mtafn ntff a*iWff at wca «<wtf wta i wfi ati at* 
*w tcatfjf aiwi I itPifti »tt «** *fiwc«n mfamit t«ii i at« 

iftaHawt atft attn tw w«i atl italafai ai#a*i'»i ifa an aalv^ 
•tm atci. #«i n?wt ttcw ata<t<i. tatita^ i al tea* f«f itatl «mrt»i 
tawca c>!> fwaftawiaita atataii at* fifa* awfat w# a?»aj-fti1ai 
awm wca 15 atwitttjalv^ftata- ftafwi tea* a^nm wn m aacffai 
aw fCf aatfwtt •ftff «rttca an^i atcawa aw ft«i i 
am* I an at* atfataafaaPiM «•« a4**w. ca ita^t aai afw ai# cait* 

a ft waw aatf anw TOii «iaifw ^antia am awttt awatifwi 

iWh <wti w fit wi twtwi f>«n. wttt< ft. «i<i.>n' 

*11 wrramwa^ afam aati *{1 acaa.ftffttf 



m 




^ Ik «i7t*r 

Wflll Hfw VI ff 

m vfi iKf «w itmt vt ff 

«tf vw KfH K,^irfw >riv vtii 
«l ^ ftMi «gt«ra 

vtti Cl, icf^ cm uti itiwi 
mtt*r 11 vntn vrf. m vci 

mi ivfi fi I vfvirv icvl 

iwl »ti n^v vi^vivt ii#i vri I 
ml m. ml litn 
itftwf «•> 111 viw vrw I 

fltl VtM, fi<« ijti iff 
nfcii itftci ii vmn n. mfe 
citf via cm iiri ftff fit! m 

icf^ Ini cn vf^tviticiw fl fi, fti 
veil icfH nminfl iti iwi fifi 
nncii cm m cil m. imili Im 
vflfvitm# If cil fw vi< tciMN 
cmi If cil tci I 

icfdi men ncf Vi tf ^fircni, mi— 
cvX nrtcntf^i vffl—mcm ^jfl nmi 
nHfj icitf I fcni flcn.icflin 
vtitv^N vflwi Piiv^ mi fci. nti 
fCl 11 m** f icfzli fm 

VCftdl (Cottbuseton chamber) llicvf 
imitf¥t#[« lev vwi)f fmci ci Ik 
iffi l^nt If, ft fcfcli Pr^a^n 
citfci ici irvWIcf iff In a ci i ffi 
Ktv vtuvm-mn mci. mi-fif). 
cvl. cutmw mfi« vfit4)f mwf 
vet vcitv<?ti vflcvi ntiwi itum 

nftranv KitiT 

n^tci lead VniKt mttfif mtl) 


imwviii <dmf^iptiniK 
Imr Vftil few itm Kflvli ifv- 
m nm vet vNijfti f t mftv ifv 
cncf» viit^tf liini%vi vnvl 
Im fwr dl vtil»l K cil 
Incifl vm 11 itflcf n» c^ cm fti 
fici ivi.nti mm m cil mifWi 
m nw mw vl niHifjr m cil itit 
fii ftm vtrtl 111 fcim Cl, fMv 
iJtcif cm 11 cil im, icvdi vfWv 
nficmf w cil ttii win iwltf 
nf^w If cilia iff fMvmtiif cil 
cmiti fii 111, fCl icfcif ifvim ifi 
ntci 1 111 Cl ititn) mm m m 
€i| fti viic fv fill nwt< vl 
fm—Cl ititil ff cil Iniitl I level 

p 

v|v itvjcf v^cicfiv ufiiv mit^i 
nfwttm itii vtn vci iiiili vtnflv 
Item (Specific impuUe) ifiltl fH fl 
lie VI cicvv If tv vf tn f 11 m I 400 
cicf a itcnfvf ifvfiW icvcli ifitilcf 
vti ifiTit mi fii ititifif vtiti) 
iriiTiatif icfili iilivv^ht vimf^ 
irv 400 cicf a I 

viki 

fin ititi)f vn mev cm Kill 
Icii fiiv It itlc|Hi<ipitv V lilltl- 
fffitfmfiwmi vlcvifitiimfi*#m 
(Dottbl«>baet) Vtlfi) HI ill fl-fllfl 
vwffmjm mit^ w leiN mme 
«i nmfim mv cm lnK%i mi 
VVftH v| Cl. v| iKt^ 4Kf«V kH 

vli me vliKi <il kiKI iiirvmi 
cvdfivdiimivvitfiy 



^5!* m fw fi<«’iti» mn trw wi wfi 

(Coopofite) «c« ^ fn^ ^tn niffit «i- 

nfft^i ifrw «iw4^ wtcn <•?! «r«t»i 

y * ****^^^ twi <f. ^ iC^cU if«M- 

^Wtf (Expetuiable tank) Iftn ft i <ak ^iri fl «%lcf till 

^ «rtwttf *m %i^ ♦•! «i i ^tut^f 

^ «w*tw w wvi \ iifvtrrf: iwkt» «|i 

’tCHffkrk fiCTf #iat^V *tcni %Vf fl I 4VCi 

•rrK (Asphalt type mate* t5 !P ^*1 <rnrtVI I '•tl 

riall. ifti ,,, titii ie«k «tD ^11 

*fTtftf^4 c«t^ «aft •ffiilfit'^a 

srrvffi arii fti ^1*1 llW^t 

^»f%np ^■«tf»ti)«i*T mwtm: rnm^i- fH^ 

•fktfiflt^ (Fftll nftl Itfk SKilf 

wrtntfkita *ftir»tr»k friw« fi i fw^ vtifi f^Wtf« 

« ic¥t^ ^fff» fi, «tf w O «t1wi—w '• 

wmtCft Wtfftfafm fl 1 <a| (Mono'propcltant 4 B^propaUant) I 

^iMl w Hfsft^t Wit ffTf I Wt»lt4)l ff J 1W1 Cf tl w'lti^ WW, 

iwki fitif ffw itt¥ f nti-witt« wffw, itit ii|cw| 

fwoii wfT fm wtwcwi f^tit fffti ftciiff• f« iftn « Wfi nftitw wtcii 

ntfwhitsfli ffi aktii ?fwf TOini it fwi n)iif icftki fktfii 

twi '^Atsc^ ffcweti fnti fffwi 15 cifici 4c>i icikcf iMni 

^ cifiti wtc*r 4ft icikt >pif. tltcisicfi rrti*wwfl»cf 

tkcwnfiti fit tf *ifetfiiiii•rtiijtftwl 

^NiixfW iiitki *ftirif ffw fmt f«t irftr^w wtt-w«fl» wti ficitwcif 
ttcwi fcftif fpi5 fktwv^ftfnn wt tcf fjfff* fit ^iw ww>?hw wi«i 
iw tni fit 1^ ifttff cttAi wrsir4)i atet wm wfwcwi iwnrfwfi) 
m ffw ik »m»f Kw^ itipn wwiw mii'i n t «t iitfi «itiitli 

Wlf f^t fifilft ftci 4ft CfMf^l, WfHCWtff. ftlfTftf W Wfi 

•Kt Cffltrt ftlf I fcai fHlCll 1[wWfUf (De^aatiirtaX Hf flllllCWf 

wet icfHy til cf wnnfi wf^» wiff wfwcwi *wfffftft- 

wt w; wtt! irwief wif^r wm^% iff fwi wirPrw ffWfcwf 

icfltf tfff £ftt y»cwi fti fcf t* > w mf!mm^ wffti uni 

Jtwl iml fftwf <rllfti Ifrtfw wiwfit f wti wfwtwi yfittyffil 
Wtt tft ftf wit wd fToi ff, wnwfcf fifrfiw nt fi, iiew itfH 





«i#f ¥it« w 

tn 

ftff c^iwrPR, 
ftifrfiR, ^TN:vtf*» <frf!% w- 

ft«fi WW f ilt^ wfifCl fTf^tCtf TO 
•T1»«tfrci (Storafie tank) awai 
icnH IhtCTr mw >tf^i itft 

CTO ^cww Wfltfirti^ 

icn ^TfPni. at^c^irtu c^IhrtH 

*!fW fNf ft f 

¥W <afa nfufa^ ntw *nn 
ftiri, TO mw ^firc<fa >»ffftf■ 

’ftihi atai tfa f 11 4«n 

cTO ffsitiFti mulli Vtftf •ct TOCi 
CTO fWI iTOtf «JCTtwa ttr^P' ai» 
aifti TO itTOf W# 

^'CTO ^ «rtcTO*H TO cfW fi 
^TOfipv fca ai. TOc»» “^11=? 

f^iTO fHW ar^vttn 

^ffwtTO cftari ?tcf ( <at ^^ 

iwli Itroi TO— 

TOll, TOt^ti « MfTO f 

^TOTO TO stmt ’frtn 

TO *fti-nf TOtni 4tTO> TO 
ff r TO^it^«iTOHTOi kTO TOtc*r 
ir<R nil^ *itTOi CTO n» c^ cro 
TO €TO»tlt fl»rftf TO f!TOi 
km twi icTO utTO wflf TO« 
m TO TO TO cn w irTO 
WiTO TOl fjm TOI #•» 

mm^ cfit TO vifTOI ¥11 11 
tw TOii iim^ ¥tw fim TO 
TOt^tl¥ TOl tf CTO TO TOIct ftf®l¥ 
¥11¥fl 

- ihrwi ^TOTOt CTO Wll 


cTOl Hi €i, mm TOTOlft 
TOlli IfiKi TOt^lt TOll ^TOi 
faw^ ill TO I TOH tto ilNt^li 
ifiili Mii id iC¥C>« cifi ^fifti 
ill Hi—w fi, icilci iTOi itifcit 
11 HTOI Itil ii^l iW^tWftiitil 
ic^c^i CTO it TO ii I 

itcil ^cii ill iciw ci.iWifti 
ijiftiitft ici^ iiTO ifii 
wtcnf^if Hi TOi 400 citiil wiin 
iHitci *frf^ fici TOitHifii 
ifnfat iitlfi iMt irt ^1 itcii 
ir<tTa 1 icfcti icifii i <ictl- 
TOs itficil ii 

(Nuclear prapubton) i fifii 1IC1« 
ftfil Ifil I 

itHlfai ifHsJli l»tHl Hit^itCil 
ntiHIcCiifti-TOtiT •tfiltW iWf ii 
«IHTO iH HiH^-ciifli-TOtsit iJilti- 
itil iCit^l ’HClfii iti 1200 ciCii 
iTO Hitifii mrnt^ ijiHiitlt 
ICicIl ill fiW I TO iwWI 
’iciitfi ci% iti TOiii *«| iwii 
iciil mrociifli-fiitiTO (Nacl«« 
Bfsbn) TO ifi itWl HH TO illcil' 
CtH* TO ftfiltl mu ili iQtlH^I 

im Htci ^fiwi ill citHHi TO«w 
Rrci ciftn TO in iwHt 
HTO ii I •wn^lv it^TOd 
aPiiti, HifU 

ill ill <l| TOClf TOlt TO Cifl 
iifitm TOitiitllt TOm ci cil*«i 
incii m*ni itci it i itm n^iiw 



6«) 


fl^PV* (Nodtar xmctor), ft 
idulfti <ilfitt vnr 

4CIWI wtt-:fi?N 5ifa« 

fmli n ‘<w aifin:fa 

nr^t« d's itf i cftt 
irpciicw sp, vtH •fwt^ 

c«?^fNfiR ^t*tt m9 arcit«^i 

w wn ai 

«l m fimill «iffall ail 1 aaiti 

If OTc^i (aril ail mmtm i 
a| cact wr^'Cai?ti*fir»itai 
ai^atiwr irtarcn imtift* 

fW^^itfia itai^ fitfi ffftai 
iintfatfN ifi a atncii f«ati ai i 
•fift^t-cair^Fii fiatfni nfirtt^ 
(Nuclear fussion) 
nTiftifia i%ftfia itatli 
ftwra* it« few fi an cica 
ntcfi faf at! wfi al ca, niati: 
cai?ta aalftraf act men atiatn 
wfaa c*^ fall areitfa av na 
ci% ftaitll afa%*i cfta a|^4 laftii 
an ftateai atai c»l ciHa cacai 
atit iTtaea «• iti^ii call Jiftfieaii 
aei«a, faf #tewi a> arrali *rt* 
iTw amt I fff •m caf^a 

aaHn nalfri fiti w anti at fifi 
aitwt atii < 1 ^ cfeii w fii aei i 
ntiatifw affatfw ital le? ratnti 
fenrfi la«tftiaii atfati arena i at 
ffcf tetaeafitJ ca, artnUatt ntwtafaa 
•af¥ aftnr an alnri teitca 
a iaa ti c aw r cai^^-ttal Wr nifwi 
fal a ft a fa i nr* wt icnci i 


•eat ffea, ateaw caea •rtiaHfia ftp 
atfiia leaetf flail eaea f¥| few tfi 
fei leattea afata aen at aieai 
iiaeti fill ain aitlia (Orlan) 
an ae*i (Cenex) i aittica awat 
firati afiaiaf^a cataiea teacti f*!«a 
flea fat Ica an ati 

leatt fieflfia catai caea fMa 
fitai ftatra ml faea aWa an 
aeacf fft irafeanfc catataf^ca 

•If fi» at fcifffa fti tew 
♦irtw fcaai :•% altai a aa iw 

attaa i 

fftari atarti fei affat^) aflatf. 
ataea atti atfti atffi attacaffaN 
ana tea an aatatf ata ftaafat!?) atak. 
atiica aaa atf tea—am aa ftatAeat 
afii fiafta aei naeiea taw aini 
fafi^-ttfaf IfiR, an—ftia-ieak Ifta 
ffaaatei at aiffa *(11 aei i a^ala 
area aiiaeai (Accelarator) atateai 
fftaa If an fan f fiaea nttfi an 
alt I 'fit ataitea ftia-ieak tftea 
areata an aa» ft fw lain aff«. tvi- 
ff «at aai-Tiiai leaeli aeai itai 
aa 1 ft aien aeaetfiiffata fan ntiata 
tff aei ajt^a fam faci ftat ati 
ftiai ffa tff ftfftlai tai naai 
mM fl ftfiw fai ft I fI aa ftwea 
fiaaow ftatiar fft tn eaea attflf 
an aa fn «tn fa^aata ffew nwrea 
eatint fta naek tn caa aata acii 
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ncm 4it< 2(^000 

C^tf« I 


HlWJfhlCTl 

^ i«f ffrti ^ff?f%¥ itfl w 
nwt<i «itftw-ftitw 
W « I 

«wrjii fwt nffnfii 
w *!ft<f& ^r« tw <fit>f f^*rfc< 

«ltif. 

•rfi^H fn PtiW 

nfintOi 

•ft-^l Wt« 5'lffl 
(ira <«fl8 ci^f <rrttn 
«iipjit> ^*1 ^ww t '•t 
ftii Ilf iw cin 

iifN ficw ntcf «tini ftf^ cfif 

»WWfsi<i If <41^ Wll6« »1 

irthi «itff-icfl» mnm iw« 

•tfrjw nfc^f ^tcnPpf ft» ’Kwrff 

vf) 


ifimm 

iit9<0pinpi • ■■ 

n«!t i(«f.l fICfi 1CfC^f»Nfr 
mWcf ^ffjRif im#f ftn fiff fTfii 
^fOilf Ik w Hi trfici 
ffCl Cfl ill Cftil if w 
iifW5 H nil «!» it 

nrri icvctf iftw cii if^ frlw^ 
ff« «rtftiff wNi citfi ititifH 
iff! irtftffff itftH fiftf iwi 
Cf^l 

ifliff ffwt iCfl iW^I 
stfti fifiN iliitw ill fCi!-~iti 
cfliUi ffftn/t ii ci^ ffiwn Hi 
fit w If. ftf fill ilftii "tci 
Cf^lfflil <^f *!fwi 

fii fici iini iff fi» if «itf 
wcftif itff cfifi cii ijii ifii 
4WV9 itifrrf itff ^ 
i ftfT^f ilf ittit ii* 
f ITll I 





tfilf '• «l% 

c«i«wi wff 11 «f, niA %« 

ftitif V ffi firm crir? fi 

nwt^^tw t^cwi ftf c^cf *!!! ♦ fitfrir 
ftf -t '4«<n »iifc5i ^nn 

ficii I n«i*t« »nrfftEH »T;f 
ntf m\ faiftitii ifEf ^nu 

nt»ti ^f«n flffii uifti ?jf fill 

wvii iffit ?fni« 

•ifil'rt fSItR «{*» cfh»! 

¥IEf 1 { 

^ f(t*n ftf J 

Cft^r lfif-*iii « ft<fifiii 

Wi fcf—(i) 5ft« Incirfn^i 
'9 Mtl fcll i (2) w- 

^tl (Rtttind) >nti| ^ 1*1 f^fHar 
f«ti iifin **ri; (3; «ftw< ^twi 
fiKni Ini 4 ^ (4) irfiEii «ti itffri « 
tnn Ini I fi*in-lf*nff f Iflcti 

nfnn men »ti liiiftni nTm 
Ivrtftni ^mi Ini i 

«M ficn fii« ffI ffI n'rn iiHf» 
fli 9fi nff fantpii 11 n n%9 nw- 
nifli nw f^fHi «i m mi. w 

linfm ^f'li fi*im nminvs 
nTtnw fci« vtcn ^ f« m, 
5 


(W- (f) ft'Wtf IK \ (n) •^Kti IK i 
(n) m cncf nrm Iw i 

(f) irn (B»« abfc)—«l 

irt^li fiin utm nun ntncncfntli 
ntitinis nwr#iti nriunr irm w 
entn Ik f-minn nfi i >ifiriin ini 50% 
nrci nn cnrc> t cit^ tl nci» wnn nri 

fT^iti liWil n I ffifK cfcl 
cnnri tni nr nKi « •tnnwtfn 
nil KEf cfcl Kcn cni irfintfntf mn 
win (Steeping) cini lit nmi ifti 
w^iil « nicfi nnuiT mifawi n«ni 
HI will ntcii citci nfww nii win 
nci 111 cfiinKcf nfKl cii 1 wtinw 
ftn/nn 9 cn«iwuw (Uino*celiuloie) 
n» iKifnfirwi ici nil I w?lfi 
linifncf nw nilfi^ (Wood) cncf 
nnn nil cn i nwfirtn nen itntfin 
Un wnrni l\nf m ci nn 
nif wl nsifmi n*ni fci. nufiicnt 

r* 

Wfl^< icni Pectinolytic wtlltl 

nwftn fnli fci fnfii Ifitti entn- 
ni nil 9 llicfi iiffwi itntifif 
ifwi Inn w iKwfn wf| weni 
nenr ntm n<cnl wt« cnew •rnn m 
nti, wnni Irn fintncif Infw niii 
iKwfn ww Ktnwfci fii Met wfiti 

• n? wftrnwitifw finil InWH. 
nW»n)firfi^24ninwi 
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(26«i| 


nt ^ffin ftf rftf CTtfi 

tffjff I 

lf|ii ^9 wtf f3rfM*i f w 

ff *11 { CfHW—<4ifl (Bo«hineria nivea) 
9 (FlaX'Linuon ufitadsstaiuiii) t 

cifH <fcMtNtcf •«¥ »r¥i- 

l^¥ arf^ltl wf*» 9tZ9 ^*1! ft 
Degumming process fi ^tifVtiTtl 

•rff< ciftf cf<i;sim ¥11 

t«ff ^ttitit ftftf *rw%ftt 

tftini tfttriifii 

Cttt CW;ltt *flf¥Cl Ctftt 

ftiHf lit ff I ^fK 

ftfHf itf <ar«il ff I 
*fwt< 

aftci cffff itiifij ««¥lt ftff ftty Prcf 
ftl«l f1 fulfil ¥t1> CfCf 

tf¥ ¥11 fit Decorticator ftf¥ fOlt 
mftffT I itini win %n 

citat ifVtt sirsf tfiffti iflJcf cw eii ti i 
fsfif itirnfear 4|%itf fftiti WlUltf 
’Iti’fV ¥11 fl 1 

flCli H Flax-ef cwm flM fifani 
wcw f¥ tni ¥i1 fil «f:f 

¥t«ifii’WC"f itfl ff 2-3 ffcwi 
Iff I ¥t ¥lfft¥ 111 ft ¥<-«»fSf «%f1 
(Heff-rettmg process) i «> etfipifi 
ill ftwi anf c¥tf¥st cfff fif^l 
ffi ftft *Sn<-nfjf• m ¥14' 
4fi|f¥»hf lf¥tf CW9I fff 
fl ffCfl ¥tillfl| cntffCli (Scutehifig 
macyne) frfr cfifl ff I wew 

nilfttl 1 Itl Cff¥ 'Jf¥ iff Iff I 
4l ¥11 fsifw iifitfr 4nf¥l^ ¥tdi 
Vfi 1 mill ft e¥f¥ ^t¥ ffi ^f f 


ftfit t¥ff ¥tH¥f fhf • tffiClf 
*fftl ttlllfftf ttff tffttfl tfffl fff. 
ttpff ftf ¥tf ff#! Iff r 

ftcti lictR tfntnl 

iftf trfff ftf fftffi In ¥iff 
f3|f?l fl^Cl 11 a ¥fI Ilf ftfCf lift I 
ftif trr-ff flf tw- 

ifff ir^ftf srHi ft Iff iUff ititffsif 
sfif ftffi iTcf. fft ¥flf cfc¥ t^nt 
4rf-ri ftf fatf fff tcffit5| frt-ftil 
I 11 ffCf ffff IfCf tUftfSH 

¥f1 ftf I 

1. ff (Strength)—tf If tiff ¥K Cf¥ 
H» fan ffftil ffM itlflf ttf« 
Cf ft-t? ^flt fflfl, 11 dfflifnf 
fff I 

2. liai (Fineness)—t’H fl Tf 

fl WW ftf. Ill ftf ftf 111 fff I 
ftff Tf ¥t*lf (Yarn) ^l^tf ni¥ fl 
f 11 cf% If If fl I 

3. tttilfl(Meshmes^)—ftlwtlffH- 

^all fill fffti cwtf ttffi ¥l 
Itftfl ftt fl Cfl fff. fsfft ftl 
(Carding machine) 1111 ftftf W0 
fftf I ftff Iffll Itff, ft ftl ftff ¥tt 
fCll ttflltlff Iff iff t¥ If fffllftf ¥¥¥ 
¥il, ftci fff fCf (Spinning machtne) 
ifi fill ntlCfCf HI twit Utifltff 
itl If ftWf ffti Cf% tt^ it ¥it, 
11 fftti ftl ttfiftt ftutci fftw 
fftf fl if\ if fell ifff ffCfti 

4. .fftWi Iftliftff atlffilflli- 
ftpw 4*trff ftl ft If wi flitf 
(intgotMit^X ffl iHtff Iff iNiCir 





tw* w TOi mtm^- 

fm ITwisciiK «ctioa) W fi 41, Vh* 

^ ftf I mik 4ffC4f <ti >rw# 

4|4^ (Fctctlooal turface) vt4 ft I 

5. frw (Rigi<iity>-4rH Wftfl 

ff ff fC^9t4i 

6. M\ (Cobur>~«rfcll 41 Ct% 

m %% mm t 

7. (Lustre)—4f(Wt 

nvm 414 tcfi cwicfcnf, 

C4 mm 41 f4% in*!,c*! 4ff«r 

?i. «tl n*tc-»t ^:»in TO ||iiti« 

ntiti m 4ti I 

a <4. (Defectt)—n'fHt 4t4 flit 
in 4fH«nt t*tit *Tft4twi inn 
ft C4t4 41 14 tC4, n*rwi 4t4 11 
in 4C4I it4ii ictiittnifi 

Utl ntfl: C444—nn cntlt (Root cutt- 
iogs), nn !!i^ (Specks), lff«1 (BarkyX 
t44t4 <(k (Runners), ( ntifcnt 141) 

(Croppy end), 44^) 4|*t4 (Mossy fibre), 
4« ti|4^ (Hunka) I 

nflrnt *•! wi ifitn nln 

ntCl i C444—ntk 4tttf« 4Stl4l 4| 41 

41 4f«il 4| ClfnfV 41 41, 144 I’Hin 
mitcn (Gummy) fl I nn (4tf1 f^ii iW 
cn^tCi(l(Pertderni)nfi4f71finf 4 ifil 
cnftii< niftifi sfii nftw •! cntm 

HCn 41 fllCl fill Cfl 411 ifcii 
nuftii 4itii 4411 ltd! 

4141 fltl Iftl 41 I IV i i It^l 
iniiii: iw if? €ft4 4twiiti 

WMHtH fl 41 cnUflflf > 1^141 

i fi l t ii iti I nthtn viii fi itn 
mm mn cwti *141 itt citi 


intar itm mrifk went inct <4ci 
ifitti ifi 1 nw iwi 4tf! itni fl, 
iw I'Hicvi (Re«d)inii ffiknr nw 

1*4 ft 41, (2) ifl Cft4 fttW itdi 

iifititi irn niiti ffci cii^ ft m 
itfi^ifn cm fi|ff4 ini fkti cntit 
iw 4ttlf 4i4f itni 41 , 144 intifn 
ci^cjT iff Cl 111 I itn n^tciti w 11 
iturci nitt4i 4(141 1 n fill niiitcf 

44(11 l\«tUi 4tl f ten inllftt# fiiFttI 
fClltll 

Ki4t^ infilv Ktnrwi cnci iltl 
^fini ft c4, ill 4ic4i VinHi 44nt«^, 
414 ^ 8 , ti, fiitfn, iimtf 8 minff- 
itf, w 1^ f f 4 ff 1 4iki 414 1 C 4 . 4 V 4 1 
iri'itl 4(41 4m! I'tcni 4(4 If 4(CI 4tfl 

1 rf(4i nrfecf 8 itcn f^ii itici*, 
C444—4(41 nteki cici w, cncf w» 
1 C1141 nftkf citf T» cncf T# nft, 
W| 1 T| nniCi ill itcni ntk I w, 
• T, iifnci; 44CK1 ill 4tC4f mi 1 
4(«rt r 

4(541 «i=i(fC4W « mn 

144 f flKl fsfil 4(tf 141 *(cm «f (i- 
Clf 1 4(4 44C1 4|1c4(84tf 4ltm 411» 

f Ilf 11 uftcni 4C4T 4tftH* fWI ml 
((1141 1 4lfOl Cl(41 41 fici ml 
mm ml Corchorui olitorius cnci i 
4T41 41 cwil ml ml Corchoruf cap* 
sularit C4lf I Itinii intW (411 41 
ftlfN (Ktbiscut ctmabftnns), citcifn 
(Hibiscuf tabdariaa), 44 ml (Crotatark 
juncfs). ticim (Urena). ct(4 (Boebmeria 
niveaX fmm (Lintsto usttitiMimum) 
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Nitff f ^ WIf 

cft» nftif ftf. Cff*r -Htbiceuf ip.* 

Sidi ip., Abueitentp., Penipcttf ipk, 
Abroma ap^tVl «acfi ^nm W1 
aiCil9 411^ cnM ifN»^ 

finitcsn fl I 

ftf cicf w«t ftwitw 
mn w« <ftff - 

1) %M (Primary 6bre«)— 

t^*lfff CPU ProcamHium CHIW 
fir C«f^»fiiwi,Cf^ (Cannabw) 
*flf cW (Fibre 

ataistnt) artfru** fii 

(Ultimate fibre) WCf l^l 

cicfF n*w«n iffti f ri» 

2) iprrfei H (Secondary fibres) - 

eil nt^lf n'Tin fl irtfiitiii 

(Cambium) VC«!i «tt 

ic«T Ul) ft itiifif 'iTi^r, faici 
nil tni (Wood), It *111 fiiffitif ni 
Hfi ft! itlftd r 

ew («*ll (Primary fibres) 

IttH ftWl itir tfftimwi ItrftCll 
ittf r iftrti cffi«li ititnw «jff»iw 
11iw •••fci w cni#feii itiir 
IWW Itcef, tni—€lft. (itii«iwl I 
untl itn et| tficinN cit¥ 

nitiin nfi^fiwti iTpt cii wfi 
amfeii ntw r fiwi ^ cifti 1 w mtcii 
fifii titi wii ^ici ft, 11 mil 
Ictiici^i 

WJl (Sttliiihemp><-limli ftn 
ti 1#, iin nmcfi w ifif ifici 


!•» nw iF« cull' «nl 
111 ici citn m Hi ^ mm 
fieiH It iff 

ilitdi itt nw%M '• HPHi m 
•ftdi ific-it citifPi v lit ft, 11 
icf 5*5 feftfilti Hi ei«iifif«fH 
H11P» 1771 linfcll Cl^ltl lift! 
70-75% Cll lUtl 'lit Clftlf HI 
'l lift! Wtl cH full irft Itll 
N?1f flci ereff fl; ciil—dltcfctf 
mi 1 fferl mcl fM«i n i 
ftwi (Fla*^—•ftfm Ifl 11 fiiril 
itnf iii^e itw cn- 

ciftii ifietl x^ ci% • HI 1 ftftf 
Hfiti cH <t3K))r Ifl It If Cl f Iff 
ici m Hfi lie® nrcfl. fii Fh**af 
1*11 ciei 1 HMriti* iici m 
fl (cfw Hiirn), fii ^iieti cfd 
itiifi «gi -rfH-iim fetrff let fafiti 
nftTi fl f^fn Iff cici mm nr»t 
hV cnci life, fifii Hfiii tbiitcii 
1 IW llCHl HfClfWf% 1 Hffll Itlf- 
mfltfV ftl ClCf <T1 CH lifl IfW 
flH 1 

I If in iftCll HIT <lPt 
ifbt is ifi iffite Iff mi I If Sill 
Itll fCH, <lfl It^f HHlft IfWOI 
111 (28 €W 230 flftfUff 

1 iit/f fftf Hfin 3000) #r> iiisti 
ifiriiefl 1 iiff If I ^ Hits <i«r. m 
ffill HtWf W ffWllWI H'H- 
%fl ICfff mclf Hi *lffl « H W*i 
icH intit% t siiitt Cifilw evtf 
Hi HHfS (Ftlaoeiies) iCi «m 
«i 111# <Hf« Hi writ fwt Clift 





ciw m ^ 
cfti ^rtn, cwi*-cftCTi 
( IOPm V * 

<fr^i w f«in ^ititcm 
fiFWi mrw w m n. ft 
•rr'iiw <i«:f ^r|cf iwr» •*tti 
iij Hi ciftf <rt 
HW *»!. HI »fiw "TfPtt (Synthetic 
6 ibre) TO fif^Cl tW >»•> ’Itl ftlf 
erwee erlvvii cifei IvffHH eic« fc«t 
TOtcwi HWtf ^Wfl ffCf ft 
tfWTO} <if«n fl, 

eTtpei eticiw TO 4^1 tfcf, 
ceti-atili cee ni» i <e| ^teit 
’iff TO fiti nffi. ^itfce 

oftcf mfa >jir* to 
a TO? fTta ff»fH «c« *ttiw 

alia cif 4 cfcf cf ftn? Ult fit, 
ai cf (ftf fftf If! >!Cf afetftflan 
wai *'ta a«a *iticf \ atl NatPacfi 
a| few fec?f eai ffca fce i ati eft 
ftfn fec^f fat ffia fit cf. iiwi n%- 

CTO c^^ a’tcft (ftifi Ji aft vtff 
Htn cet ft I 4| ftfCl fil-tfi fiwt- 
atci a#ena fft-fewtelil feel affw 
cTOfi ntl'ffl TOWWttit ai<» 
TOtf (ntcaif) cifi fceiTOtit cifet 
fefat afti (Variety) cfi tut ftiCf, 
TO a*M v f? att ftcai TOiTO 
^M-caiifi ftfii Hff cel I 

Cf ft tflTOli afr caabtum-ei ftn 
TOf ff, att fCf? Malvelet cat fflW 

atwfa 

Mdeece««f Tiliacecc aft Sterculiaceae* 
at tiia «|t «if«fftf a*tf TOt fi i 


«|tf tllw fTTO I^ITOaftf 
<ta*cTOal5t Tow fitat ctdi TO 
acft tfifTO aft cfIf fin Nl^ ft 
ft r fTftffai 5 cfcf 40 ff 1 calf tffWi 
TOiTO cffi TO I aa-aali catf TO 
25 cfta 3*5 fftiftirt TO aa lit 
a*matf^f (UiHoiate fibre) fIfNttf 
aat nan ftca aft f-atcfi a-rotf 
iCH f» fa fit a| atTO TOt 
alatnt m aat tTft cftfacfaafa 
lilt ftftcti iiti ft, wanaat^Hta 
awaa*f catnt fftttt iaiifu wt 
f« a'lf-cattaffi aatff cafTOffTO 
a cnclfw aT»rti atitwitat TO! fTO 
ftca I aftfi catcff ittt aaa atif 
atfif fttft aiwt fcf/ fitaffattf aftw- 
aftw TO fci aali atfaett at awi 
a’tfata ffe fiitw felt 

ft, afe • atff f tafa nl ctfi fn » ftfat 
atcet tticf atfffft fie fefti aett 
M aft TO-aitnIi iff Mt ace 

a'lcft fff I 

4fta«c«ill-TO!it 

ftfat ertneaff cfftt^l (Malveceat) 
aTOt iff fiffft act I a'nataca 
fat catca atn ait fit i 

1) fecintia ftcfi tftfefHihii* 
cuf vitifo liut, Malachra capttata, Urctia 
lobftti, U. aitiuaU* Sida ihombiiolia i 

at efttf fCft H. eitifoliui ait 
Malacbra cepirata fftin til ffcft» 
atH atfi aVaff nt atfaeft at 
f! an fiTOfi atn ntwfcfi a tea i atm 
a>fafii t* afa:a a taif mti 
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icti fit ^«n 

(4 cnw 8 e^dfOi 

V 9*H^f 91> 9 9f9ti 9rff9 160 
clt9 180, II twti< t5 
«f 'flij H. victfoItt}s>4i ^ 
cl«a|| «4(|^ n 911H W f«l11 ♦•fwtt I 
Vwm V will* 9tlitflii 
9119 V witif i3:» W1 

fill 911 (Urena lobala) 91, 

cUltWI 1 f 1, *111/11111 H*itl 170, 

fit Iff «titl CftI fin Itflfff# 

*fHl Uien* sinuata iWtfl tfllf 

IH bit HI, *19*111 Urana lobata-l 

» 

I’tl 9t*l9tfl W*l (Irregular) HI 

Sida rhombifola-f 1*11 Cltltllf 
11, IflCi, 91 Itflftfl' 9 IV I’tl 
•mi 9C1, r#f I’lllin (reed#) cltltf 

full f99tt 11 11, It 111 Ilf Itll 
id 9111 

2) nil licit Itl—Cllt (H, Canna* 
binu»), cilClfl (H aabdarilfa), i)at «lll 
(Abutilon sp.), H. acetoselb. 

it Clldl IWIlllIl 911 11*19 19 
91^ If 919 1*H 9tl9 9tl I fll 91 
fill 1*1199 V ltdl9t|9 9« 

iftll tirmi (Icregubr lurface) 911 
f\9 91 Cltl 91 *11 tlftl CltUfi 
(H. aabdariflFa), 11 icillfl fillldl, 
cm— CllY llffflfV, «|l f<lV(Root 
cuttiDga, fpecka) 9 dill 1*111 1W1 

If cm fw Ilf ifin HI If fll 
ltd {280 fll) i 1 iin cm 9 cifTHii 
•tf%11ll 9tCl fW h«fi9lll.9tl9ll 
ln9 *111 11119 fii~(i) iiiiMifi- 


ifH, (8) 91 Wf9m 

(4) vwvifvmiirwi 

Ifn mil (Abtttiloa ifidkam) 9dl 
91 fcn 9f9t9 ItHn 19 lt,#l 
fV dH-C9tl9fl fl 99 (19 9 ffffl 
9rrf9 242). 91 9*W« 9 9fHOitt^ 
vtilii 911 fimt If cm fin 91 
9*W99 9tl fltfl C919 99*fl9t¥9l' 

ffb(9ti itiii*inti ivmrttii 919) i 
9l ffitflf 9*19 fs»f^ 111 ftmn t5 

9l91l 

3 ) Nitllt 9 * 11 —H. tetraphyltirt, 
Abelmoacbus esculentu*, Abelmorcbus 
sp., H. radiatus, H. ficulncus, H. 
panduraeformis, H. pungens. H. 
lurratensis. I 

9t C9ll 9*1111 f^tl C^H. fll Itlll 
mt cult 9 iv n, 9tfifi 9cnmt 
99tl cm 9 f *. 9llf ; cn^—IV Clift. 
Itl "IV 1*1*^ 9 will tfllt iftlll 
Cldl 9tt Hell 9t*l ft»%lll 9 W 
111 9tnf Hit 9191 119 91ll1llltl I 
9»'cn lit# fi vfitii 9t cvdi 
IWJ C911 H. tetiaphylius 9 A. csculeti* 
tua 91 9*11 9ll9tf9 9t*J t fbfn (H. 
esculentui) 9*tl 9f9t9, tUl lt*1l9l 
19 im 9 fi c9ttt, 9*ii-c9ii m 
CH Cltl ( *19 5 flflflltl, ill 9 lift* 
9rri9i83) 

H. radiatus^m 9*11 Cllll. IV 9 
Cirtl) fll 9tftf1 9*reil lilw 9£19 
9tlf 911 H. pandutaefarmii, fi 
punfena 9 H. aiirratcnsaHli 9tl IV 
cm Mtiii fi t 9111 9"mfii fi m 





Milt « ^ 

«rcw cfM ¥tcw wti ^11 utmi 
T3itcear~i«| Cftti <H '•fif 
ymi w tifm fkm 

(Cipti^tt) « f^t «rt^ (Olitorittf) «1 
cw «nli mlt# tffitll 

CWhitt) <• dt^n (Tossa) •ft1> fCT I 
cn^t <rf 

1(f «tt ftf^rin «tcft iiftfi 
t ^tcff <f^ dd nt^ flifd 
¥ti ^i^ti «n ffrf% ^#<1 vjwi 
^ 1 . mfii 5 i « f 4 f«f ^fcw ntc^i 
fwciwrcfi 

nwtl m*ti «f»tf yfiii yCf 

f^Wfi cn*» yffci cfin cilt 

I f yci yft«f'T, 

ytry ♦ffi if» wt Vti 
ntiw. f! ff«f Vfwi 
w fw I 

ftJi •!t(^« ti’f-t JTt«tm«: cnfwt^ 
•cti fi, ^mn w-?! emit fi. ^rct* 
ftitf t5 utt 

fiJi •Ittll CiCf wwi 
m « ^ff! m yyycy yii <<i «i'fw 

cw fff cw— 

^ « 

•Ifil. yi dtfl nttl 
nt^< iih dtffi iwn 

yi y ri% <i i f«w •inlf 

ftvtd iw^itTOf fwi imi tw 

'itl fw «f«r<\ yi i 

«itl^ n iMwmi 

ifftf *n> i^nf wcff, 

fRff Wl Wfff 4lffCfi I 
tv V twcfi Vn wv vfWTf mt i 
€ff vWifi vw iHri fct, fijv fTiPfi 


Iff V Wf 4ff tet nffii ^1 ftii 
•ritlf w cv vtif etx cv ^rtw 878 

V vtl vti 11 ftn «fttll TO tttf 
« dr ^ ^ 744f-4f f tf tw t 

itfsi ifii f ttttifi mm 

Vfft «lfwv (Mutant) «l1lll t^^fft 
fct;y, fftfi iidr ftffti tiirf wm 
C1CV f til I Spontaneous crumpled f 
Ornamentai il <ri«ri wtl Vttf I tantf f 
cm eitl « 632-ai cid «t<l» ffl f<fl 
HWf fH I ctf ertl fi 212 dlf tfl 
6itshyt<H> f Cobaltgummjri frrdl 
iti ^1|, fj’ffvfet it, tw f if# 
II fawiwir 'icii at’ti-cfftu ii«r« 

V tit ltd I 
Sterculiiceae—fltd ittft H’tl t%- 

Itff tflf V ft Ifl I «tf tltr Pen* 

tapetes pbocaicca f Abroma auguste-l 
tort fit (Id ltd I Pentapetei^ff 
^*11 Cttlfllt f Tl fit ftlf I ft <HVf 
Xi etcll f ftcwti) ft I Abromt 
mm IV « tfffCf V ti fd, 

fff ftifiv vfcf, cwr—iv 

Clift, 111 IV %m% fit ltd! fii 
ttt fit eiw I Helicteret-fl <11 II- 
tfct fmfciti ft <ti fiiidi fffti 
tn, ft IV it-ftctt W fw 
fllttlttt# fit Ifl tt I 

ItttI < II (Uaf fibres)—^t»1 cliff 
Vftll<HCllf Hfll Vtlffilht ftlft 
(Palm) Hftt dill Ctlf <« Hfft fit. 
CVW—ftfilfl (Cocoe nocifera) f ffl 
(fioreiittt flabeUifer) I ft 1gl 

citli f ffl ft. vll fli ^fllf ftif 
fn?ifvtif vtfi fit 



^ mm mmmi'- m u^wm 


•fWmi «n*iwi mm tSwf iw 
t« H ^ fn ^ 

«t« P«li W 

nfitf «c>fiffn c¥fm ww nt*tf ciiw 
C^W "WNff *ftttWt I 

«I1«tWl» Vtp 1« »W (8i*at) 

8ft» I f<f»f ft Cii ntii 

^ M •tf#lt Iff, ntf »IW Agavf i»alana« 
Agave amaiuenfis* A. vcracrufc, 
A« eantala» Satuevieria # Furcraea 
#lta i *iCWl WJ Agave siaalana^l ai trw 
ita ^n»ti %t«i •an ai'ti 
8 ▼aa« C*I% l Agave aminieniis 

• A. caoeaIa*4i afH Wi^rf w « 
fa CWTat, A. veractugc'fa <ltl ff « 
84a t at fi«i« «aff cfta ca«t 

ffi «aa^ iw 'f gffti aigatf mH i cf 
•afia^tca it frcf af, cftatf <f»rata 
fl t Sanaavteria f Furcraea cfcf 
^tfii ca Vti -ttl, fi >i» '• 15 
l4i| t Furcrata-ew cftill l^lil fff1 f 
^H%flWl Iffti auntf cltl tfftl 
ftff ^fl^l I 

ff f Cflf «tt«ft ffH (Fruit 

#1^ feed fit>ra>-fat tfcf ci *fi <W ail» 
If, %tl IW ItfllfWl ffH (CJoif) 
antf (Cocos nucifera)) fff 
fICff ajt fjaitlCftilT t flftH «>! « 
Cflf IW ft trftf CftWi tmiti 

?f4 n’w 

fffsifffl ^socatp eicf Ml 

fftfi ftAcfiiit <ftfi fijnri fiif mm 
Ilf ft ft. mnm Iff cf Tif ^ rnmm m 
Ml ftf • %n CM ma mmi 

mfaiMM ar>*t fillfltf ^ ^ W Pl t Tf l ftft 


fif m fKiMrfii mm.mwcmrn INi 

gii«i 

^ <fcf cf iTh utMt mm 
fcir ffi Mint tcffiftMi 
fit! wn fw^frt I ttCfMIl CMlH 
CflW Iflf laitMl Cflf ffil CM fCl f*l 
^«*t fill faitl a|*H ailitfl fWl 
flfttlir «!ltfflfl 11 affft-ttfl fCM m 
Cffl Iff, l^lCf attn CftllMf. m 
UMlf ( fit 4f|^ CfWfftf fill fdl 
«« 4ft Iff Cf If 4»t ai'Mf« l%it fCf I 

aitifiwj cfcf ftft m 
ftfat tfff cfif rnmm fifw Mill 
ai'ti tw nifi I atcfJft f Ilf i nUt9 
iiftlf artftft I fIlf• ffifcM tni 
fill cftJ^ ftcf ftft ijiftcn tnift% I 
ITMtl fflfM ftllt tfif 'ttilf fllft 
f til f fff f itf ntft I 

ifPlCf lirf • Vtl (Tactile fibres)— 
ftltftlf flew Cl f f*f fiff 

Ml. ft 15 ti mK ci^wfifi ffilJi 

Clt Mf» ai'tMlM if^tw ffftl^fltf 

fli-ltif ^rtftxnfiwtf t^l M* Ml * 
fffti fntf 20CO Cflf 300} Itfl 
flit, Clff f fMM ft f Ilf« tflUt I 
ffl f fw ftlf Ullf 

(GuniiT fibre)—at M» f Wff fP» 
m attfftf • fl f tifff 
ItWff ftltlff5 fWf CftlM fltlMl 
fV« Ml Iff*. Cittftl, 

ftt, H* vitifiaiiiN* M cfpitiff. tIdB 
rhotabilblMr.'f flMf ^ ftEf fMf 
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(Cordage Bbce)—W tfhf, «rt«Wt • C^PtW t^t 

CTitf Vti.^ nttli w <ff«i 'wm ct% f«ii iittiir« I cif*i, f<«, 

^ m, f% ¥ttf Wftl ¥11 « WfW! Niti 


ftf; rw—Tf«twi¥ 

<r(t H. recraidiyltuii, Abuti|n»n« H. 
radiatus « Abroma auguata 

(Paper Industry): eHil 
^TH til ¥tl¥ l|t¥l H’Wl ¥»¥¥f3r 
ftf 1 ftt i c^^csifrti -ifbuH 


fl%' 

•IftrlCT^MCWtf! {T B 2) fill 
fC« ^ TO 

¥fiti ^tfa¥ t^nfwa 

<n 200 A«F bcai ag ?{¥# 4i «¥Vll 20 
C*Jt¥ 25 ¥tift (thwi 

ii¥U>f ab fH iftf I erm^: »itf*t-TO 
•IfCail WCfb sf'iPpl ¥•» a tMtl 
eiCft<nr fCl ’itll *f<W ¥i«ft 

«r«ctfa|^a¥ aran ▼¥«(«¥ 
l¥t¥-airiCTa¥ «t5tif4¥ ajMti ¥iUi i 
si¥ffa n<f gtta « -iii 

flwtif ftc*!W icwt 
Cf^ dirf <¥, ¥ftwft¥ ¥c»ni nsa cite 
¥ic«« edl fbc^evtce ¥!^f i^ i 

¥tfb¥¥tf. fft fetfewtww t¥t¥-nteje 

•v 

(f(Pft«TO) ft¥tc«f miftro ¥wt ciW 
^nctfl t*T)V 4«|l UtiniHf Mree 
TOtl TO ¥Cf f# «Plt fl f 4 t TO 
niWif mww ftftw etet 

4 (tftceiTOFi¥ (TBZ) iiecfn ftefii 
TO c|¥| <TOI 2-3 ftlH TO 

6 


ififti ¥fli fifb (H. eacultnCttt) ¥ 
^af<ttb (Aburilon) «tir« TO 

few I eiHlr ntn ’iien fi wt?( 
¥«¥ i««\i "iTO biefti ¥TOi nrft I 
f «| eretii fteien TOfhw cTOff 
ewre^tiasf TOI t^fbf%TOft|ft¥ ] 


VvTflf 

erttce^tctt*! ce^tcet mm fftn cTO 
ot ceeei et <w ¥ti*n ecii ¥t*ferte 
ei ftitft* mvw TO’M ¥11 fi I W¥ 
wm c¥t«ieti 24 e^fi ecei ntaH-¥-«rfs^ 
eftfci ifeiiftf «rcite ¥ii en nft» 
▼w mb ¥eni iTieie etei ii 48 

e^ii entwMtwtei ftw ¥W eM^tfie 

wftHt ft* fTO^ai m •ftit^ ¥mH 
cire fit¥ ftbfi^ 
ec«i ceet eti i mi etii feftii mwi •titee 
.•ifiete mti i«¥ii 6 S -93 ^ri ¥ci mte 
etii ktftimti mb 8 W •tilfti 
¥etw cf mil TOt I 

TOtfte ¥¥*!twt cnftftifmite 
cet*e ei ttmi eieti mm 8 eww ce% el 
<f I ¥fitcemTOtei few ml eiwe TOi- 
en cit¥ TO ^^sCftWtel tf ¥ii eli ecu 
ceet mm i I ft «• (looo ftf ftr me) 
mitwifm 0 - 12*41 TO TO TO ftftri 
TOlcTOfti tei etcmn fro m\ mtel 
cipr mci 11 , TOftiw time, to « «t«t- 



674 


f 70n 




?wtf «tt«r 41 •rti csi«f5» 

4tl« '4f»s 11 fw C«^ W WfilW 

f II citi •tin \ 

^•11 • c»?vrt'lhr ciTf£¥ 

IflW ClltC'B ^U¥ I f#f 

iitd?iti miw Wfl cmtVfi 

iiti itcf I ¥«fi mitn 
19 f« c«t« (locJi) fn fn 41 > ^fiti 
fiw 4t *Tiw ^1 ¥11 itii ¥titi-4*ntft 
¥!1[C1 ¥t¥¥lf» 11 •ffiltw *15 4 
16 fi £t5» (200 f*r fn 41) ijuti ¥ir¥ ni i 

4fl1 cm Cl, lltflHf 

«I¥N ffltci 11 lllfit ICll 41 f^tn 


«f«tl Cl% If 4 H 4 l iwtf inw 
¥i¥^iTf dti w ¥ii« nfif¥ n H IVl 
ftfw •fil¥ti wtii mi cin cm ci. 
itii iiwi iitcif ifiii m« 11 ! wtM 
4 ^ lflttl«rC¥t«l m, itfl ¥ c*i 
¥1 111 Iff IHH llCl 

ItftlJ ¥U I 

mf^ icof6 fci ¥|i flnrcif miw m 
•flf 30 cltf 50 W11 c»pw iwl «l 
ititififl HI iftini ^Mfii m fw 
IICFI Ifltl ¥t*« ICl ft£l I 

ffi »fi 

¥11, If 1 fltt J 







4ftfli>f5!¥ ¥C1« 



fiff «»ri¥ ¥wi 

1 iiffirii 

tufti nfi 

fllfl dtCH 

nnf^¥ 

in 



¥tltn ¥11 Itlll 

lf^ll¥tl 




n¥iu ¥tl 






ICH 

filffli 

ICIf 

riiifii 




¥tnitci 

¥tnitci» 

itnitci 

itnim 




(26-~30*<i) 

(26- 

-30*ci) 

i 1 lTt¥tfll i 

9 n (¥1 lODO 

3 4H 

80 

73 

7rfi 

40 fll 

Wtcif 

f¥ H 41 

dlls 






tficvi 1000 

H 41^ 4p)l 


80 

— 

53 Pn 


fn fi 41 + 







¥ltC¥n 0-12 






21 fit 

t fl f¥» 503 

4 

90 

90 

10 fll 

aoffi 

WtWf 

fHfl 41 






31 ¥riti-4* 

16 fk C¥9 200 

I'tf Clt4 

80 

05 

7fll 

20 

iti^^tfi (Hrn4i 

a 





4 1 llfift 

tnc¥¥ 1000 

^itiinFff 69 

70 

afri’ 

20 


fn fnii 






\ 


¥tt 4tJ¥ 

75 

75 

— 




llC¥¥ni 





5 1 ^ ¥^C«l 

4 

4ltll tlfft 45 

40 

8% 

20 tn 

¥Itt¥f^ ¥11 


¥t^ 41l¥ 

75 

75 





liwni' 


1 

' ' 



iimttil WtWV-5-70* m ; fit ¥lltWf —cn ; ¥tltf-4-"It|9 Hlfl— 


Wr— 

fW* 


nr^w »iMcfi ^1 
r «ft5t«i¥t*! cwl %tv ^ 

fwi vtffcn 
f#l mwfsiii f 11 fCl* I 
4wf«—ffSll 'HUIM •fHCil ifCf 
Cffs? Cffsj w 

«irtcai ^rrt* «?!«♦ ^[i ^ii i i^i^ljp 

•iHcfi |5?ii liffcn f< wi9 ww rt-^twi 
i '•Iff srtffttcai «rf3ri 4fl! 

«fta w^rac«i« fan ti» fw 

#11 fi I i;«s 4^cs 

f^tfici r»fci bfiiB #fifc# an I '*ini 
fcifan caU #w ^iin 0«M« 

#11 f 11 

fUn ^nrci# ^1i# mv9 #ii am 
#ti in#icai # <1 twc# awt# tci <ac# 
tf I f»ra»t« Hflf fati^ ai^ll (Mois?an, 
1893) cnciUiii^c# #1 «f!8 #if» 

#c«i 11^1 ijc# icfcf win— 

a[tfc*i#i fap I =a#j| ## fi*ICii 

iw I arcftf, i^alc# f4^»v|#it» c»tt- 
fi # tv irfffH fa«ac# «n 3003* 
a##i an afi|# #ci #rc# nf^!# ^ata 
acai ain. if«i (ChiiUog) fn 

at#ti «#jfa# ittn{70,0;0-100,CX>3 #1 
at^9^i #fn) <^»f# *if«a« wi •!« 
ftitftarift# awtf»rt»i mi 
#ci ^a# #n ftw wK tt 
•it#ii an I w *«• a.f r#| ^fatfa^ 
ani 


anati—la faatnt f## ^ac#i ««#at4 
ainn aai fan .*% caa w»(<ffa#i 
dita #n ate# i #n #tlc# a 1 «t c#i 
arffta #ii ait ars# #$a at# fat 
#ian ait # V l"afsef nt#n 
faci alt# ar<ai» an '«f aaaa'ati 

(Abmive propetJy) #aftata I aft ##I 8 

sf#n Oit* #fi faficit aiih fact 
•!ifan aifft * ti taca catticai an, 
#n > stati am a» a# fafait aiai 
at#, «tc# nifa-! #ii ca:# aui t 'aaa f#, 
aint ^ftt l?att#ra9 #9ica ntfaa #ii 
at<i atcfj airt#r«i,# a^ti (2 
l^|») #ia^Cfl (Cttrbondo) H faatci 
anaia^ acaa atf, atata* n aiat 
#lti # fafaa a#‘i #iitt #fnr 'aft# 
ana I at i 

at-fa#! aft# a|f#if #«# « a4a>a( 
<il ttfiaitf (Refractive index) V 
(Itn 2 42, neat afi 1'33) atal 
etrt#v«a #a«t# anfe. ’alt !H ticfl 
^itc# Im caan I a^fc#i tftt#fa 
c#ttaaia #icac#ta tfit ac# 4« tva;# 
ai#;# tf# *ttt • fcai—a*!u ^taa f# 
aaa—v c#aa #ii iar» ati ? •m iff t #ai 
atrati #ffai uta# aim f»»t fan A 
viai-iff cae# ain, f#f aar ffta ati at 
jlta a#« aim fan fan car# ntet at t 

* tana itat# r^*5a amifa# 
aatfnrt#!* anarap, 24-ataai 
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tiN'tAwhi I a6«i 1#, u*i 


fHwf w» 

«jtffl^» ^tff, ftifi«rt, cW <iff 5 i 

>1^1 fWf I fTf»! A W«« 

if CM f t^cfi fwi nnff j ci*ft ftii ffi 
'•wcM ftfM «ffmft<f ffci 
fftfw fiw cfiMtf miA 
*ltM1 ^ti «t«)f C^ZM M f|tw 
4«i fl ^f«f cf <«f^c^cM 

fM tff iffticf>»r «tf fiwM I 

f*lif fell ff' *ffifs« 
f^f fCfj fH fCfi If I Iff 

^ffr C^f fSI filf ? ’?t«cfl •ffcf fCfl 
fftftii fir-iffi n?l¥ti cffi cfcf. 
«cwll ftif niftifiti ftfl ffcft^j- 
«ti ftftcfr «ini Mfix^fM w ftcf 

4ii^ ^ sTili fiWfH ^fftf ^tf ftiH 
fifl!l.« fcf f'cl fttf I cftwffff 
fflflf fitftw 109 r«Mfl 23 fiff^ cftf 
fCf fl ft<f Mfl^Ii fCf« 

frfftf 1*54 A* (1 A'-IO'* cf. ff ) I 
fluff fjlfCf fffi fMtt 
(Giant or macromolccule) fCf ffUfn 
•fiCl I f^lCf f f ftftff flUf ffCff 
trtWf ftfl frttfl ftf ficff 
fCfI Cftf fWlfff ftftitfl ftil IHf 
^Cff fltfPtl fl f 1 I 

f<f^ff1 f Witf ftil ItfCff ffitff 
fw fUfi cftfti ff Clftfi fff 
fjtit^ ftftcf ftfl M (ff ftl^lflf 
f 1111^-0*20 «Jtf ) I 

fti^f cf^i 

w f Ifitf n wfirt ntfiMft cftf i 93% 
ntfiffttfl ft«« fill 'MlffW 
ffftflw fitffHf ffUfitf I 
fCW-MCKl Ml CtlffUKll 60 If #111- 


ftw im 1 ^tlfi ffiiftf ^ fttfi 
ClflW fl lllffUtM Ituffl 
fffl ♦(tf Itwffli ff|» fltf# 

(f«t I fti m-f ’ m frttf nH ftfftn 
«irfwi (Iffftw fitf ft«i fif^f 12 
MF Itfl 1 Cf (ftfl itWfCtl Cf Iff 
^1119 ffffifjti fntff, tfilififi— 
Cftfjl-i|9 (186 fltltl), ffft*l MW 
(2BD fIfirl ), f5lltf ( 277 fltltl). 

(193 fltltl), Wlfl (44 5 

fltltl) f fnl (410 filciDi ifi 
rfd^ti fflf Ctif fTtfiff fl 1905 
ftCf ffffffi iff Cftf; Iff—tftatf 

(Cullinan), fff-3033 fititi I M if* 

tff wi ffT fffriifii ftirffiffflf 
fititf41ifi ifftci; Cfff—ift^lff 
ffftftl (ficf (The Pitt) fff firftl 
135*75 fltltl iWtfi tea Ifltl ftlfCfl 
fl i «ff ft! ffij ff<tfi« ftifff ff:f% 
^ftl 480,000 ntl 9! 

^fftf l^cif itftf lUtfi 

Itiffffi Iff it»fIff (ntihfliti fCf ) 
« ftftf (cftffai ^iti fcf) wtf 
Ifl^tfatfff aiti w^i cf^itfi ft^tf 
ftiff fra itftf ~ftf ftfl fill, acf- 
ftti ^:cfff• fl ff i wtffff fiftff a 
JfMfff fWiitf Orel ftfl. 
cfftit f ffiftitf fiffiif ntfftf f 
WttM fft Cftf ititntft% f Mflf 
fS|tt fifftitftff ftiff nfiftf Clif Mart 
fit fit ICf ftfff t\ntff a«i 2i000 
fltltl ftfl ftf fl ^ftf ffllltff- 
cfHi ffi ffif-^tf f ffi rtirf nil! wfw 
uRi Hfl ntlini (Pipe of ultra 

lasic ml) MlTl nfflQ Cftf I ffltfni 



i«<^l aiCf <1 «|1f«. 


ilfctj mm 

ff4 ffw 
r 

^ti ^tn#< ww 

<lf«fN ^1 «ltMfRJ ffl «|ffl «!«♦- 
fell «!ir^c«l (Vindhytn system) 
tICfi iOutnondtfccoui 
strata) siW! (Deposit) tt f 

♦C^ Hrwtff’# ;fR L#|a| 

<tn»t fffl W tlttl C%t> 
cn^ |f« *»t«i ^iJ 

(Kaimur sjnd»tan<;'< <^C# <f«f1 c«l% 


m 

(lUwab ttrttt) n<f f^f 
(Congloaiactte Ban<i>c««Yt 
cci% (Shafuiar tecitft) «l<fi ait« i 
w ftw tc«ii ’•I faifnicw 

ire# f«« at ftrrt Ititf i «i fi fa i ««t 
Hfff fW (Mittia) W»: c##fW 
^1 taafta* atift«i. at awr—ffwtuw 
tn^lf (Vij«w«r seriat) a||CHfaf«« 
•iftatca—a»?i c^fiti 'arai nw 
eacf» f9^U\ fk aa. im« ac»* a| 
ftataiH c#%c» cfatfat aitiit* 

act ^a«.n ffci Maw «i 
af»ci affct »ca wet enw^^ti ai *»tti 
•atw \ fa aiT-sl at artfat eaita \ 


nfswa 'jfaaaic*! ^faai 

RPtSi 


5 ca an ttf’ aa# ijia nt«i 
atai niin *f»ft an ct an catc^t 

9l#H< natfit aatnuf^i 

ntCfl arjtn atafiaa: ‘nfaiin* fa^.at 
nftnl an aca ntfa i a#ala a«rni« nevf 
aV) teal al nftitn i tint nan ftiftal 
anPtf. ^«w nri area aitf < fawra 
« <i^f9fa«t« vt #af« a ntafai aw 
nftfafn ttict a* a faata, carN 

nt^. cwaift «f f^ I nra net I at 
<ffaltcn tHWi iff tea nfattcti «afa 
ctci cacf I anwa atf • fsrtwfca 
aitniTw nfataacf aiet i 
aitttffaft itMfci ft^ atfftm arwca 
aitnttcnt net art*c*i a#wi aw 


ttaati afat aftan ca*Jfw l«a fta aa 
•ata. aaa ctarca caf afat aftata 
ttict fiat I afiafai aca al afaita 
afaai aca* £!> i ata atfI fataftii 
. afaacai acir afacw man eac? iftifi 
tci #{icta--<aa at, afiacfi 
afaiiii at« irfaaaacaf afa^n ftta 
tea I aaa acat afaiia fa aw aifcai 
m, cat cilTi fa|* ttteta fai aiita 

tafa, aaa afifiaifai( an aaaitj 

faartai aratti i 

acai aaaw wtaita ttfawa Data 
til aaK ata aficaca ca a\aat ai 
ntataaa acm »la aa# at iicai ata 
atia atf, cal atai awn afinia 10 ‘ *•/ 



m 

'•n^ < cn. ft. )•. m fwj 

<fffi f»I uilf tfip:f •jjr cwftm 

wci iwi ft<i ft I 

C«ftCf%'<l <f«tl 
w cni •If, « 

fitrt ,^t cff fit irt ftiit# 11 
iinti f w s 


x/IO 



tiifti P-itfi nftiti. Po-««- 
itniti H*tit x-cfftc^w itfi 
ifiiiit 4 ^ ft •ffirft 100 cffit<*i 
itfi l^itilO*® fi ci% It 

! )*• flt>/( Cl. ft. y I ICfl lift 100*120 
CSftCll ICf Itfl iflffCltl fCl 41 ^ 
Cll Itfl iff ^tff dCf 131-l40-< 

•ci, ftiw cifei itrii •tcf irtftif 

iti ilif I 

flftftl IllftfCfl fllCl 

ftf^ ncn ^tfitf If fii« 11 , ciii— 
tfOlf lllftft, If^Cff fllftftf. Itf 
f Iftfi it*rf f iftfti- 

41 if «ff%P Itif Itlfl Cl ffi* 

itfit fft, fti nfiitimi loscfftcif, 
ifi fcf fPifi, f ftifwt, f rtf —111 ff, 
citli ffcft»i •ftf fcf ntri I twfUf 
fl^l Wt«ltf ( All 110 Cffttlf ) ftjit- 
#flft, ^ti^ltl ^fffi ftn l>ttl 
flfl ftltll’tll 4f fticfl ICIF Cfl 
CfClf HtflTf ( 4fl 120 cfftcn ) \C11 
ITtltf ftfti, fW l^fcil fft fit 
ft^itiN cit%cf 1 4f ftn iti. 

fclw fCfl ff 1 fttwlftff Cltw 4«tlf 
«ff ftifC14fff tfl411€ftlf4fftl 
4ftl iM t I'tl*! fffftf ftf 1 fW 


tram (U!i fifft 

fftftrf ftffcw ftfifftnftsiif ^ 
<flifci 4ffi tiff cit% fftr wr 
•rffTsirtf fin cfft cfcf itftnift^f 

■fCf I ICIT Itl fltf f wtf ntft 
|ft fti. ft?<rf-flftif fil^ ffti^i 
cm iri-411 ft itciff ffcftf ffi 
fcff wm ntficif -fcif fn 
ff.flf Cfft Cfl 411 ftf ¥W fllfft 
ftcf iti wt»iifi flttfi fH fci f ^itftf 
intf Cl, •fftft# iit4ift4f fci iffcif 
t«f Itlltf lf»—Ifl ft, fCl 

Itll Wftfw 'ItfItCfl fCl ItfCll 
<8fltf fll.fl fftff ICf ItCl ! C4%l 
ft1 ftft«.ic*i iCi. fft fti5 ftScitfti 

Cltcil 4f|8 4« «ft lt«f5 Itirilti 4f JB 
f til ic«f if I 

f Itll ftcim cf fCf If fii iiti itifi 
fCl CfCKfl Cl, Cftl fftci ift Cltilti 

20 Cfficil fItcit Itl. ftlCi Cll f ftcn 
f^tfiii iifii 9 fti c«f iti 41^ 
ifiti KCif imi iiffi 29 «ti in I 
ift 4 ft lift iflKCf ffSl f.ff f 
ft! I ffi Cftl ifii^irti cil, fi^f 
ffciftiti l^itcil ftlfnfiffftwti 

fciwi Cl. Cfl mil If If Iffri it^ 

if^ittf 1 fci Cl f ftfi» if II, Cl icf 
1^1% AiK ffi tifffi ift Iff ifi I 
citliffrftci IfCf CfCf fUCf 
fr«itcff fftiw frwftftf n# it|. f:^ i, 
ftiti «fft Cfl cicf fi I fci frn»f 
tiftii ftf ftf If If ff- 
ftiitfi ftlif W; lit—ft«t, 
itt«f«fl l-ftf ftiftn. iltfttfltl 
ftiti Mn ftiitit ff ft 4V ft! f Cfl 
ftfi fftift Ift fftH Cfl fl ftlUlJ 



WijM733 

H 4ifCTt w ftri ff Iff▼ 
tmtI w<«fl n 
•iw ^frf irmtitwi w mm*9i 
ffWn5» •litt f 

f<w»cn wfiwtvi nw 

CW VW (^V9 fW Wlflfl 
¥1W fCt ^ «v itw 

c^c« fc«i -|c- 

•lliflf, c«iVi ’•fW fsr- 

>!tittcn ciVi >rftitfit€i ttfi Tftn 


«79 

€if«fw •wr !• €it n'!# 11 OTtwf m 
c€Wt»i<Vi nflw *fllf irt mw 

ft n «i I 

iiw cwii wmh ini. flfPi 

IfiFiCi, n4m^n 
df "(tfn f^m lilt'* 

€11 IWlfl ff€)t« 

•ft# I minti ct*f€ € >|f«. itiTi 
ciw ifimi ifirtin iitftin, 

fit9 i%^fk «ltll€l "ftl idwn f 


TiWrt *R1 W 




€|l|ft^ mm 

liflM €t4|t« €C*1JC«CH 
( fit If# ) ICmtlft €11 €f llfi «1 
€r«f, itf ftfi iftw fidicf dipi 
lt€tl €mi4^ uni llt%f«€ fit Iff I 
€l IJfl €€-€tiltlTf •!€€ If €Cf t€l1f I 
^fl€ *ffi tl ftf lfW-» flfll fttl 

€| llftl €€ ll^lFI 

itltCll lim I €€ 1«UI€ Cfd €€ttf 

nftfn-dJtvi €11 111 €ci*t €jf?f(iiiti 

CfFtl €€ Cltmflll ftlltltl €t dtl 

^jrtiTiBtcf ftcw im cf 111 idwt fii 

1C1C1I 

€ti^fi9ti niPic* €€itfi ifiww 
fiidicf i» €it^ iTfim 

f|fil€ €114 f€« €fwi€ tfiH H 

4iwi<id *idpi n€< ’Ifit mf#ii 
im u* it ^flt fKt miw fulfil 
ftl ItW I *ffi WH ftWftf f|tl#U— 
cm iftn iti, mtfti C111I, Uftii 


tffi. wiiU %% itfif, itu ftfi 11 . 
Iff itwi € €ffi ncii mt nftw fifii 
u?i €fii ftftei dw idrcitf itfici 
ni\m w 111 

ifiiit Iff € fttii itfii id lift. 
1T11 € ftltl ^Wlf ftCl Uffl fci 
•ftW 111 ^ CftUfsTt ifw ifti 
nitf I 

l^fKUl H 

25 llCilt Cl% ICfCf Itliltf 11^- 
ciii (lfrii€i«. iicitut, iifti) 
ilWiiifini €f ltd ftl 

fmcft €i fciifi nclf €€ ifiltf 
li» it ft^Micii ciriti fitidi •!• 
iKf itcfifd itfftftif f €l «t»i 
ifi ftKf *lri fif* I 

iti Ittll UlEll. lit €#1 
•fi iicii fit I itftif 1 ffSw tiff 
€ Cfl €f dWfl I *!• ftfl IJlfti- 





6ao mmmfym 


ftitf *i« if^ <ttf I fiiiftfn 

ff |l I 

«cui I ii^Tn% >tef «i flu e>it t 

iiit wrtcintMi 
'll «ai itif W t 5 »!• 
clw r-ci nmi »ti ft"! '•I cnrttf 
nw V -ifm ^tf 41^ ’^ft- 

tlwiif wt'i ftm I 

Iw^frcnlt (fllh#) 
*ficw iHc«rrtir 4? ’<ics« clflcffwi 
fcwi 'll clflwM ifc^ ifi 
fii ^1 «i cftir iWl c^l 

«iti <1 '•^n f cw m 28 «itiv( { 

•iMi »HWn ITITH dfiilTOW 
ftf tf I clf<ic?tw ¥t{ii nr? ^ wi 
nn mu ww wc» wr iitff 
cfti It nfm tutin 

•I^Dtll wtiw fl1 Ilf I cfrfli f HUtw 
n?lci fitw If Wf 

cif«i-l'liifflti ’t cifit 

dftifti ifitf I iHllti 

(Klcftw e*il w itftn tlfiiftw 
iifif« <ffi nWM dIMttfi 
Htfltff! •ftf-.-ftCf’f ITlfiftCf 

cftnim 

(ftclitfWfVNrS^f 
Itiff lltf fWW> ff** WCTf III will 
5iufi ficmi cfir ifitffi 

^mi itfttir iiiw! m If, 


(KiiiFif «fm fic« uriM mt oii 
fitfti «fwit cm fttuli ft* wifl 
w fpf cf ftffi w fcffl *nir*f 
f tfiif} ftirif clficfHi ftfiri mtcn 
irfwN m Iff* fww cfci fit* 

fiiifftfii 

iit^itcii ciifi fa 

fif cffi fw ft cm 

<f• ft ffl wtfl fw cf*Pi clftcftcff 
%tcn ffi frcf fw w nttkM fww 
mi ftif imiS fifti urnfm m 

CfftCfl Iff I *1 wi UtftfK ftcf 
««ff« Wtf I ffWI 111 

fw mtf. Iff (ftf irwcn 
IffCftfT dftCftCfl ftitCfJ fit f fIcf- 
f%f fi* fcf ftf fifif. frwf fw, 
m fi *n f^it^cf •ttfiti 

Cltlt flf f tf I 

fitfn) cff clffiftf 
cf ftiWlf Itiwf Iftftftf ct^tfiH^ f ifii 
*f I f ^ fiftftf f f titf f t If f If tit 

ftff—#1 ffWf iff, w, Cftlff ^ft 
M 0ih Cfftf fMlltf* TO Cltl 
Hflt CftlW IffCfll <|Cf CffWI ffl 
cftrli cffti TOftf TO»tt¥ cfftcf ffl- 
ff 1 fFfi If TO t?tifi fitw 

¥tf I d fTO t w filwf ^*ri «tw ff^w 

«fi unrofieM tv« *1 
«ttfn w ^ftf ftflf Ww dfH 
TO Iff I «t* ft TO ‘ffl Unr 
fit Itir 'll nftTOf 
TOftro fRTO CTO Cf fit CTO W1 



'Q 
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I «t977iy WW77 



ijrr? m ct »n«! mt m, ci! nn^rf* 

»n«fti •rw OFTfivi c^r¥ 2«iiitir n972)«ttmf^«Tf<iostTW^ 

i^cv*?** w fi t c^jwnvii cnzw ifTi 20<fc «i^i^ i^^fjrrv 

«ifir» w m I 'stwt?! wf* <1973) unv fn# 

c^wTWjJfJ '*»ECf ^fwi ^ •jfift c«cc# j»> JiffN 

wrc»!tff^ ^nmi ♦tflWM fVrw« wi» 

ntm fiffm TO •ittf TOft» fsK^ TO TOf' 




^1f<r iplf TOI^ Wr ♦ WWwWl m Ifttltf 

^ wtUt fW I <iiiciircftc^,c*itfS«icwl^^ 

•ft^lii ?itc^' JTf <jtf wi mi ^1 mm ftrt wfft m 

hftir «ifmft I ▼tw <«t^ mcmj mm flf%t mNrtf^«' mm« mm 
ffl%iiwii wtc?« ^imt’mmiii, #1, miim^ 

ntmi ^tm vimi mtai i «m^ mm wn iwi 

m^nt^ic^fr^i m ni mn «i"^< mmi mm«.«wlf«ft’^^mti 

owR cmtciifl •im, 5#fi« ifi^tf»ti I *R mmi mtfnr cmwt ntn c«i«ii 
m» ^ti mn fm« i ^ 

mm« ft ft r i *ft^ ’itm mit« mmi mt« 

c?<cv ?[w, cft5i cm’?! fi ftmt a»mw <fsi w ? cfii^ mi cmf 

^ m>!tt in«f ^11 miot ? mfr «c¥ ^ tf?w ftm r 

wtawti ft ▼ I 

m«ii ftcf ^ cmv ’itm ^tmtu «> fwi 

liftft mJTf ;fm urn c»ft nn^ii mwPi < ftw mfft a* mft itm, 
«t« cftw ttt I ’iT^tf wttt^ mt^t ftmtt aim m« martf tti c 

nt^tcti mw cttn ti t< ^tci i A mfcf ti ctticf ttm Mfi i 

iftCKt tf cttttit^fcm t9mlt--^|JlCTftm^n *m<ft ttti mtttmcmni 
tittcf ttcf I ^ mf mtf ^*v*f mtftfti ctti tft i ^ tc€« f-anfr 
•frti tt^tt ?tt wft I »tc« ntttt 01^ t««f« ftfti mwffti 
tim ffttit t^t^fl »ri< mwt I 

til ttti, fiftm tr<t mtifi ttftf ttrti ^ti I mfttf tumi it»tftf 
tlt—^jiftfir I iiflf tt’t "rfftit, wtifaitft mttfttntl^i 
iWi mprt nHfic^ mttit mmt ctt?» nft i w mtr fttfr wtfti vti 

tttr^mitmcitiitctrit i[^l»t, ftFtt tfl*i • <tt|» iw mtw^ Cft^i 



6$2 


mm m fkmm izmH mmtir 


^ cftt^ 

m f«ti fNcw <tc^ <i1|i I c«# « mma mm ^fi fi*i. 

ntfw^tf •ifi^ iff ^ cf <1 ^ntr t 

mmw *nflf cfUnw mat i#« «!« Ii^ « cftii 

mfiic^ ^iWi <fiii fllitif i ^wpsrt «itii^ =wft» *tWf. in 
iiti#iir-iff«il vm, ctfl wmi» ?f|i cit«itini 

OKU ititiiciT*iti«iirn «<iwi ni c^ iti t 

itft¥ itr^i^"Ti^ n m^fipri I lintfif 

!<ti-~nmiti«tci^in f%^fii^iiti. 11 ^» '«rt 

cm mmit^ vflfj cil^i ^tift-ft«ii ^n ^ ni w 

mm w» cnt iti I itjii c^r® 11 itiii <itti iiwtcti 

n mtf wwti cfit itli f?^ii iti f#;ii 

^tti iwT nwt wwi fiRiitf, ir^i nw »«wi cni ^n I 
■ttfiff jnori ititfiri i? 1 n 1 cn»i ®iiTi 

»<mw If n, itit® ^Tci nn TO 1 , cwfti'5t^iii wcv oiwiwm 
•ifiFi orifi fwi I 

ft iwifJr^ ift* *fttf n Itc^i nm\ fnm ^ iw toi i 

9ii •ffiwrv fit! finnr 11 Ich ^titi toj w to to 

TO I irfwi CTO tn TO*w *ttfTO TO I 
^ »i^ If itw, TOf *wti to cit^itcTO itro 

CTO ^TOit CTO 5« TO I f fnw ffcTOti utTO« »«twf to 

Cl cTOf TOfli I 

mm\ n c?ci it^cro cii-»iifi¥ uji c?w (itoI i ci 

TOi-¥TOn ■»tf¥¥i ¥cwi cni TO ¥t^«rifiii¥i i¥ cmn 


TO^i ipicw I ftiffin m ct toiI f^i to TOii 

«tc»l I ¥tiktfTOl TO TOlt CTO—lt<tl f%TO C®lr¥ ft. TOlTO TO 


It I TOt^« ^ ^ m CTOB »W1 TO » 

ant fTOw ltdf TOT ftfro iw nil cic¥ 

n ,4 iTOi TOfi l•tli ncfi fn citNf |l-l m TOtWfe 

cmitit 



WMWfili## cfW dSiff itn* 

Hrtff t c^^i—«;m inc^ mcf 

«wi ^t*«i crt\ ^ ctft •»«« i«fir’liiw t ^ «lfi »wtt 
c^<««i»tr^<*ic#^wfcJT^i ««WI ««fi ««*itf 
/: ^ «ftf^tf «ii *nw ’ifwi litw xn I 

tim i . . 

' aitflf wrt w v»ff aKft'6 (WWt^ wcw 

^ Wimt V €*i^ ^ni ^c»! fw m c^m PitCT < vfi« 
^l¥lii cfi^i •nrw <fti cft<f Incw nwif it«(H 

^9\U »W^ *t1»f¥ I 

‘ ««tfi »t3^ C^% wm » ^fatit mu—I I5it»f WWf«Vt»I, 

*ffOT «riii!¥ TO itnwf 'iWc’t m » 

ia «1 mcfl ilTOtm mw C»ll <•(?• »IW ft^W 

nt? m I «fSf^i fff w c»tc^, w Kittfi «*t<« «rt« 

*m urcTO wtft« c»i<?ftr ’ivcit^ ft»i %tfi w cim« • 

w oi’fJ tis-bf m m nwr «i i ^ttw ^ wc«» 

fsf^ ?JCW1 1W «ttt I cn aptici CWt^Clf till *lt?t ^flC® 

<nr^1 ntu { c»i *ft^T«iimtt1 itW Wf «K«, «tc»f« 

y ww <rift ctm m \ 

cw *w««r nfMT mcTO ciw¥w »nm i ’W. 

wmtw #t^i •iimi owpifr f# mt I ^ «c*ti wf arret %to 
< litt I ittci ctm teict tt nfirw tro cAfti atc#.<i« mm 

#tef I ttsi« c?m m« ^rm m mn mtit mti ettt ttii«( mi etti^ 
%4 tiitt, ct^tet mfw w tern ’itair w» i mmi mtwr w %■ t\t 

WTOT m% m# etet ip i 

mvrtf afi^titt tciiT TO, witcTO' ttm <«# mrofaiiJnir 
#m mw mttr c-w TOcmi oi^ *rtati mm ftmt oiwflmtt ♦ I93i 
ariero cwiit*m«'mctr tmtero emro^wt as«*l Irtm^i raft 
cm^cf tro^ tTftmi mrtrorti 

«#f' mrot f&ci mtfticTO mtrtr m» fn aicfi fw 



i 

<iw fll f •Jft ^ <rti W>i?fi ^lm 

»W»I CWII ^1^ WV^Jt ^tow WWWl WlTOCTR I ^iil CTw •IHfi 

c^ftwi Wfnt^*ti^^»wtfi%w«^^^^ 

W—^t*nl cwt ftlf^fl^t *IW I C^ €PRWI i^NlHI f 

c|ii ntw «tl ^ I »^v 4 i ^ffwl owfe mm ! m ^ 

^ff ww TOfi^ *rr^ ^t*!i I •it^^it^ nm wtwtari w <f 

I ^vrawiifiiwli V 

W C^ ^WWI ^iltf I ’fW Cf^» Wtufil VfPII ^t 3 Wt<Nl 

^(%wf ^^*rcf^ ^ €^*it I curtt ww» %t»!<n^ 

m cm j 

or^ 1155 "ilH *Ttlfft»T «•» <«fll lt« *!t^ C^^l C<W 

•cf m •itl if*w CTtti filii to »r&R m I ififi ¥iwT>i, 

ft^li <jrp 4 «H «^i *ii»r« icn •tct <»n m *tt^- 

«to ^«tc^ 9 ^^ cm I mtn ^ffiili 1 

nt^ wtit «ii^ w!fl) «fntf5i ^cnt ^*twni 
^r^n «n if^ firmcmi ^ «f#tf« i Hfj»—irf5i^>i 

^•itt—’it^ ^ ttti4tc» nm w ^Ht«-<it^, m \» ^1 

wr cw «*»li wtfw, cM^^ n*fi »R wf« \ to 

»iliii *m '•%tf *11^ ww «iTi €5it i 

c^t^tcfi ill fito ^9 w* 'tew tt>ii ^t5»twt nm\ OTiet *1^ 

cwi c^tttCTi wrfi I m9^^m t^«w« c'WK etc^ 

t?e#t^f I ttnti l*rw wtitw «W“JW twic«T *vMkw w 1 itcw to, 
m, c^* m trrtww. Trtit, ttw«i, ijSi«ttn *ftit« t» 

CT1 CTi^fi^ %«tiftt I ww « to^t^ tto Witt ¥tai cfwfiif, 

mem ntm m\ wi *n to cm ctt^i sf—tti *tft nm wti 

trt to WF nwi TO €it<f^ ti w^ ftroi %inf 

tttii w >toct TOWtt CTftsi TOi »rfii TO I to .ntffti 
tfcttw •» TO «FrtWf TO1 ffClI »lTOlTO tpiTOCTOli TOITO 

TOt fni CTtiiTO irto I TO» TO CW1 TO %*m m fiiL tow 
♦trowtoj toTO TOi 

TO1 TOtTO* TO nHt to TOtowt t#J I Itw TO» 
tow «« TOW i TO CTO TO TO t%ri Ct% TO I Ct TOlIt TO TOW^ 



^ orm 1?^ nMtt f^tKsr ^ w i 
-•fiMEi(iwcrttijl 0miti ^ m 

n9t WiR ’ww w ^ mvm If I 
^ I .iWf ^tHW ¥fti^ (<l w 

« ^ m «ci OKU c^tt nt^OT ^tintii *(ff* 

«rNPwi. irtitnt% « ^ifwCTtf’tn iw—3 wtt^f ntn^ ^fci 

ntw CT% I wtw «ttc¥ ic«f ifc«i ^fii ’ijw11 ntiftw |rf%« 

^ cf^ m ntn 

<t¥Cf «< »t«i *U» l?c»i ?lt •«?t< mix fsiw «iW< <5lt iict | 

n<[e ^ifw 5ti, C¥a?^ ^I1%lfl UJf^ I W KfH fv I TO CItCt 
ft n\^ W C¥l«r«C» ^Ifl ItlW, TO 
WIM TO ^t>lH I 

:t»TO ¥iiic<if ii «rctl m i xxm 

^\nn c^ni tflc^ w * B't t6« ^1 fiTcf •iw CfW niw'^ 
TO oit fT«ii f%3n I TO niim^ TOhfijitTO ^ 
g*f ^cf cf k «?»c^tH ^iw #tci CTO %nrt i 

TO fi nf^T^« w iw I TOn« w TO’»«ft*r 
•tt^iTOTOi ^rronit^ ¥c«i c»rt ¥t*ttTO -^fTO 

TO**? TO m cms^ «i*! I vtiTO c^tsi TO HI fro J 

TOh« ntw HI. rficTO,Ht*tinTOc« TO ctoi, 

CH ftHCT f^rroitH t5 *tfilft« I CHfWHl ff«1 «t« ffH fTO 

TO *ff*W HtHfl I m4t ’Hlwlf CTO ¥Cf *( TO « 

« 

TOIl OIH# t5 TO CHtH( HITO TO 1?^ It *ft41« TO? A\ 

HtTOtfl TO dKt TO r TOTO TO 1 % 1 *! TO Hi, TO 1 c*f *!«« fHJW 
•twi TO ’♦iMf I 

TO fwH cTOWf mmm fro ntfii« to^i to? to i It ntltt 
mm TO TO 1 HTO *lt«t# < TO ‘ f^TO Htmi HTO #c« 

f^t TO’^^^^P'f^TO^rCTOTOTOTOI i#♦lilt WV Hftfl 

■ ' • ' ' ', 

HTOiratt 



*BfW- 

r«Btn Afii f^n 20t^ «i 419 c<^ nnt I' 4tn 
m %tt CT«| »fl9—CTt>^ tw) e»«if» fW 

>ni 5 I di^ wf« mi c«fn« inMfn In ft« «#, 0# 

1 . 4* CTitWitm ivrtn ii«i wOtiSww wPi mumft 

iw f—io ijn»t», 10 «r*, 10 <4tt I 

2. 200^2000.200001 

3. *|Whl <lt»rt< WV tf WlfiO n f—400Q, 4600,64001 

4. «;» fttn ?*i w *tl*! f—2 m 40 3 mso 

llwn, 4 tw 20 mrt« I 

5. Ittn itt«*iiw 4w* w CT mi cm Hwi 

<1> ^ »ac4t»i mi—»i» ft «nnf—»iiwn ai ftwi , 

ditwti 4iftwi. wtt*jw diftm I 

6 . m «cu T— 2 , 4 , 6 1 

7. w» 'im m mi «itwi ft wt—e«f m, jwI 4 it*, 

mm I 

8. 6tSt dii>lfl cm. inift¥ cftni •iRift* «*l f—c«1^'hi cfrt, 
w1fin*i c*ni, c»i^mlM Id I 

9. cfmnfrc* mr* cin wk? cd% i—m. w, c«ini 1 

la dtp 4tti m mmftitcm T—20.40,801 

11. pdt dWiPw did ft r—fjwPmtd, ¥ii»ift«td dwt4*i intdiRift 

di<td>i 

12. diittit^dli adcdf m ftdtcdi 4m iffftdr k 
(»i1fipRdl4ld)l«ftdtT—ft^dKcmp^t^fidtldiditw 1 

13. dftoMm diticdt^ mt }u-i, 2, 3 1 

14. ^CTl^ltMtdRmtfVdlkdif-S. 1413,31.1416,3.14191 

15. cdti^tcvcAittiimRKd^dnni—d9«i»>i4i «k mftii 

16. cm Wd dip stftdwwCT wi(l ftwd 4tw »i«n I did 



«••*; if?3i» wvm nfi 'i wi wmicn ^tlw fis? 

«" 17. Ww iri^^ ^irt^ irfi»tt’•itn #cf! ^iflrcir^r, 
ffli'^lNnirtlvt 

* 18. ^‘^«ilcf e«i ovie^ ili iHf^itt ii1%cwf 

^ir, I 

' 19. nt^ w irffir ^Tfiicf *rtwt cm iw. w 

«wc»^wf—*rt!l5:^ c?f^ cw, iw ctlwlwi 

mw 

20, n!fpnr 5^ iwF cm ntwti n^zw ? f^flt #l 
w fro, witcai I 

(^innri «nr 690!it ^ cwir) 

mm fmM ^ wi 


• >!t<l «ff filtlyifl fff^W* f PifW-9 


''Ht’rtWSJ Sl?t « ^ 

mJt^tm^ ♦fWtf HTfT «t1 fl ’'• VWI—V[;« 

^if<1 »t« 'iftf^cii cawm, ww wt**^ 

I *•« iw mnitm ^tftf mn > wtt mtm ntf wwwi 

m swi 

wfWfat j^fr awr, « <rltw i tPiFi 

nunfiam artfft v8| sfltf 

frw ajtt lt»Kf I ailte^ sfW TO f^HlW «W« fftttfiH-^FriiK*. 
iCing, Moiitfch—among rivers*—<a!8%l TOI ^ilf i Cfi 
avf^CV 'Mcditemnean of South America* TOI« apTTOav i wfVi 

eitt«f5TO •flPaf c*«il t%i1 cw 60 gllN tof unfair 

e^ar TO f^ cwti (If fitmac*! TO fSiCTO 

ell TO*IC1 TOII Vllft, •ItTOfi TOIITOlf Util WWI ^ ClfWlWIl 
iftl Wll»|»C*W ^tpW CTO <TO ItHTO TO TO *TO'I 
ITO t ^tlTO IfH *ff TO TOTOiap aH IfT CW WTO TOIfTOl 
'«01Btftj^->«(K>lt<NN<l) ' 



688 


41 srfNi Mame^ti t fft cm ^<«i 

fcf ncf 1000 4ttm« ci% cm %m 4ifKI« 

foi *t)ffwVUcayriiMtf m 

atii 2,800 ni^ff fM •itliftfFtf ftsr witu •iftw cm 

^ fw ^ajtl»Til^f siftmt «i% 3if>f Mr 4,000 

Ktl^ I nm cm c«i^ i «il 4fHi mm %8i 

cm 60 «m'e aif^f I uQ^ »fCWf4 «% '€ m 

fffm 4t«tf I ^ni|#t Jtrui, Porus, Medei7t«^fC4r 2000 nftcw 

cm i af V9 sfita i f«r®t« cm ^ 

•ftitmi 1000 nifew cm I m «w 

^c»ii ttfrt I muttsf cm m»r m ijiai wai 

cf4i «ir« c^, ?(fc»i« mil •im c^rti tf 

cm I ’fvW catif mt4 2| 1 4% srfNr 2-3 ^^c»w 

c^m cm w 8-10 wrtir*rrt^« ^ 180 utl^ni 
mt««t ^tii^c>*rc^ 120 cncw 200 1 m « 

^*R4t fSrfSRi 14,000 cm 1 

«irnrt«r4 arrf^cn c»ft«f mN mffc*R cf f5¥, 

m 'in Frandfoo deOcellana 1 f«f^ canifi mfil 

m? fci^ 4l artfatitcaf fM mR 1 1539 mc*n mt 

W «C5W Akmoco Pizavio-i fm « c^ 4fwa rttw ffcan^n 
tta wri Gonzato*C¥ atta aftc^ "^rtf^ M « 4f mi 

‘Ifiiti’ m (ft! QuitsHt ^ aiaf%ai il#n 11 RifaiUii iciwi 
•iiitnRi ♦!£?! mat fm—ciatw mWMi im Rtcn 

m ifa ititnti #n m Coca i4n alia *ifcM m 
«c« ciatMail%itfcant cijic<PimtiCocaiftaa aim it¥C<fii 
4 ^ »rai ♦«« m artia» 41 Rmfro Wwtw m cac# •tm •intaR, 
RfCT Rifm oiai a4t cfcai mt 1 Gonaalo w ^ti Mma lar 
Cl!9 Quallana-ci farm m caftit «nmf M fict €1^ cm itatl 
atlpra fl^ 1 fair |%cmf icn Qr^iia«i aanv Coca mi 14 OMR 
aicf t^vmm cm ,f%if uta c«im it i Qfdknt am fNrt m 
dim ca, ar4 m m? Ckmalo-imtCf W m @ECi 
Coca ifn cvicvi^atlfcvmcacaraifiica^iiNoA 



•i^ ^ 1CT5» ^1 wrw oiw C^>CW. WtCT 

w fill ic« f«l2i im «f?%cfi ir^ci f^i 3« ’•Tf 

n$m 'ifTtfi fMc« flfcf nmm mn Coca ift it%f Napo 

^ m «ffc*r^i w^tfct witu w 

M&m irti wrti*rt^¥ltfiTO i i<ff ftiwci itcft il i 

wf n I cim cft? itfirtf ♦few cf^ i 

(ill TO c^« fw ifitci" fCTOJ irmriw 
TO* 1TO1 iTOITOifW fW OtellanaTO 
i*ll ItTOI l^ffiieTO I CTO CTO ^TO Wfltl ItfiieTOl 

« TOTf ig[icf ;i]ja TO *f8» csilft icTO toc<* 

TOr cw—1541 *!fe*!f 26:*i ♦(« iftintl^cw s?t*i to 

nciffc*i5| I cTOif:*i fiRff? c^lVi i«TO f ^ti^fci (Cubagua) TO^i i 
C^CW lflt« TO C^C^ ♦!« Iffwtcw •flffi’ai CTO^ I cn^« 
TO ♦!« w <a=?n Cl citTO iffcfl n:?, ita cici i 
c«i c^tn iirafm silta itfifftw I’fl i oit 5|ta cfi| 

TOII—Cn^ «rTO« =ltsi1 ¥tf?^ afSfifl HCl I llfsitTOa ^Cn Wft»!lt#f 
lf«TO«15|f^i ‘Parana’ ^*frf1 1 ‘Parana’ nm i 1500 mw TO Hfcn 
Pincon sitca itm itHf <i|^ir iifatm ?4'f TO^ TO <rt4f iwm 
♦tl ?t4> ‘Capitulation of Pincon’ ^CIlRl ^tCf ( 

ifaapsi TO^ fi? TO iriafw irfiircw c4t« nt^ I5i) i 
Sfltf ma c?jf 'Santa Maria de la Mar Dulcc’ Kr^ dl^ C»lf5( H 
caf*f wiiTfl fn I it?i <i« w fw n^i siw 5|t>itWf^^ 

Maraaon TO^ ifCH t wrc-fcf ♦lUTOJt iftwfif Qrellona-1 

JIlTOlll Friar Carvajel sitw itft^TO ^ TO CW 

Amazem; TOfa ^?Rrr4f iTO f4l oiar catit i iTOi »acTOaiff TOI wci» 
#1 wrwt« Amazon ai<fa cac^ c^tit« ♦:«< IfW \ UTO 

Ifw, <<1 ltfi4titf Friar Carvajel a TOi apftf ^ 

wi c^ai CTfii dcifkisi aift itcfg %\t\ itiifi iciflpw i TO fTO 
^ ^ TO C?J^ irWW (Amazon) i TO» IfCf TOfTO TOf fW 
wfw TO wit cwci CTOI ♦itffiwiTO wem mm vifTOIt 
(iRI TOW TO Itf^ TO TO ^TOCWTOr ifiwTOWII 

TOtW TOI CTO ITO CW1 TOlt^ TO if! TO vw TOU 

8 
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A mn c^ «9t^ i^ir 

«lf*ICf I 

^ifW^ >iftf ^ftfNti Cl ^fi k^mm, «irf 
w wrt cwffi.ffi .ii ^iitf c«rt mipncf w^ii 

ciit*it*f frt, ititi «nf% fifmti irtf ir?i« iiTi<itin» 
nwt«i’t *tvit^ ii%m Cl ciitci •fttii ftf, VI KftfJ 

•tci vicv mm t% I vmtvi vwr ci vtfN Mirant itn 

Vfi, vti< (iiiv itfcii vfVTvtf ittci ici cmM I vftiTvfif '•Wi»r 

^ ^ vititi mwm ij^irfirii fvitvititvi 

m vmfifv vivf I 

cifivii^ 

(*it5i*iswi *nNi) 

1. 10 CV# 

2. 2000 

3. d400 

4. 2 §1^4011^11 

5. 

IWti5iwfvwWfifi Itcfivtwtifcfini tuiHtft»« 

6 . 2 

[ tfiti f ti s cf f «tt<l I) 

7. VHHf 

a c»ii 

9. drtti 

f lit.. 1 emu iro mI Cfi ci ll HiNni mfm cicw tifvw 335 
1490 fMUt f 5130 fHti II 

la ao 



m 


la 2 

U a 1416 

15, Wfw 

16. 

17. 

la •fw 

19. mtPfi cftvit cn^ 

C mtmw *nn vrt M Cl, *it^ ^f-ii it^ ft ici ^ itli cf1»ifi, 

fii ^tiCT Wfi ^iti ci^, w wn •rtf n f 1 

20. It fw 


(Sly'S 

mt 1; iti ^ 

w9, 'tmn 11, n. ififi I 

1. cilfiti iitifiti nn ituti nwtw Cll-ll, itliti 

fulfil mitir cwi in 'll w mint 
icnitf* n iflnmi lit! tifilA mi wi ffi Iwifv- 
i-mi w imi iHflt ¥fiti irtitii itim 

I'llti iti n—ciifi utitpw utitif I 

iumfwi iftr cici <«w fifii ifimfiii nfw €iw» itufi 
i4ini iimmif n cici« w id w w 

ititii od *fi mm mil cn-w wf 11 n w 4!ii 
t5 n ‘ cn ici utm w mi n wti ^tlcmcitif 
iwl iln ^«cl 1 ^ 111 iptrt iml ci% i wn i nfcw mi 
cm cn I «rciticn iii4^ itrt cinti n<N ciffi 
itfuii mi, 11 mtti til imiRi m iww icn I 
cm ¥K*nr m itfttn idm ittf i nm Iwrn 

m cm mi *nrtt<^ l*icii it*! ift ihi ci«it ifi. 
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«tOT fTO «tt w^Nitu wrwn 

Cfn Mitw'^mvni TOT vi:l 1^ 9ifiwi9i 

m Vi c?9i oitf, i#-H« 

^^^ *fftC<f TO TO¥ V 5»11 ’■Itw TO 

w»ltt^l i>»rTO« TO «TO CfTii 

fc*i ^ ¥11 ¥tTO9 TO TOtr* ^mrcsni ¥TO» iti 

¥l»f »lft<il&C¥ Cirtf»|¥ ¥lt 9 ^fil*t¥ lltif VJ^v V 

iR C¥r*l1 I ^*t1t¥ fefe¥ ¥C11 CV^m.W9 «lt«*f *|^f¥C¥ 

1,l^¥<TOnt«11 ¥119 ¥r«¥TO fiwil ¥ClCT>fil¥ ¥1H f^llhl 

¥«1 11 I i;f^l-¥t¥ ¥!•! *t1t< initl ¥11 If TO ¥lfWtl1 ¥ft¥tl 
ftf ftircfl »l«t¥ t1 Cl% «IW< ¥r?t¥Tf? 11 I ¥C»1 Cl^f¥¥ ¥1t¥f¥l 

^lf¥lj If l-¥i:¥l ftltWT ¥1511 f¥f I osfel^ 1C¥1 Wfifl ¥^1^(¥ I 

•Sl ' *H 

<l¥f ¥fl cl* 


¥^ «f»« ffIff fJt¥ IcfftPlf i ¥t«iw, fHftl 1-9 


f^«r 


197 J ¥tC¥ ^C¥ C¥tC1¥ •plTO 
«•! ^11 (1973) 1ft<-f^wnsi 
tjlfll Cfticil ^f»»¥¥ni ftltc^i «tl 
til fftwfiftl ¥9i ¥t|¥tl 

t^|¥lf ¥1^ ftllH fll . fjflf f¥. 
CltCf W 1 

•ftWitWI CftWf flfll ft¥ ¥C«11 
ultii vli f^«(¥ 
ns ¥tl^ ¥t9i fV nti i 
ftfnnni-fiTO ¥ lti*1ifff 
C*»ttW fjlftl C1WW i-fi ¥tltl ¥ 
¥1¥1 fill ¥■•! iwf ¥t^ ¥W fiH, 
full n«¥ ¥1^ PrcUntf iNcTirfi (fti) i 


fiwfti imitf fiffif 
nil’ll 'f^CH ¥tl¥ fni <¥¥, ¥tl 
itvn itm ffci <«»f» ^fil TOi I 
¥7tf¥ti <49 { |¥it|)f«f- 

¥1 Itltl^ llff^lflif ftci ¥*W ¥ff 
wTi •rtwf^l wi fff n» 

c»^¥ <l9w ¥ ¥CW <¥¥^111 ¥fl¥ 
irtfTO^ Ititl f¥, S'lfti 1t¥-#tf1 ¥tl 
n*wi ¥ti¥tf ¥11 ¥fl9 nitci fitffif 
well* ftiii ifiin4 n ¥»tiKi iifiti 

fitltii 

¥t ¥^1 ¥ltl tnw ¥¥¥l^ 

fini Vnu w iit<r ’ntwti^f^ 




ftffim at^ 

•jfiw fi I > w nft<li TO nfiTO 
f troi |fc« orttw df ¥tf 

fci ati I #(11 opitr^i TO aip 

^ srt^€ ff i "ftwH^ 
f^fficn TO tti aft¥ I > nn 

•iftw IwPiCT ^1 «tr%f 
n TO «TO ffcf cfii 

•jttf. ffct clfi TO, 

♦trti >raiwi| « fft^a «fa w 
^in ^it caw *ftw—IfiftiUiit «•! aa 
acTOa I 

^tf«, ai « cacita cHtata ca aa 
«ita#ai uta. <•11 caw *•#18 call 
fa^ «fiikta cafcfiia Pfc^aa aicatciaa 
antawjfin) *«a ffwi 
aaK a cm i a| awKfe ft 
*Mfiai atw aiaiwi aw» Afilrcai 
arfaw^ cwtcia wfta acia ca, 
mf'tca atf^Jf atJtiai «titataf 
faati 15 «1 ca^ av ai i Jiiaa affi 
TO TO * 1 , fftat^i aata al at%t 
faitaai 

fa: wJta ai| aitai atf4ata aTfaaa^ 
cTO faaiat wta aw ilcaa a«»ai 
aal 5 a fttta caw uolJ attftw 
atr4a aa tatafa ftalta ajaan 
a« aw I a1f^«Pi atwa a’l aiaw 


ftfta «d3 

f^a an a« aif^ aitiai vfna fro lacf 
canfti a^sataa vn at i 

ail aatw aif^raii atfri at aa 
am iaiti team f^ci i nifta 5a-fancit 
batata a aiwafcai afiac'^ ataarati 
aitw caca jilt TO a« a^iawa aca 
atat jilt ai t 

nicaifcn mwaft adHWBtt 
aititaa caataaa faf^ afitaf^ft^caii 

iiaaf^ icinataini ai 25 w cartel ai 
aai aiw aaatitf aiwta aaa frtrcaa i 
^tHataiti naa ^aia fii^t teat 
aw an fawa r fai l9ji afta at'diftf 
a^Mca TOtn*^i ttf nftaatf anart 
aa • arataii nttartaca fifir aaatf 
atitai ciia acta i 1942 atca ‘itii atf* 
'itcataaatca fifa atitaa aa i ifnatni 
ai ifiiittai atw ni^rita atia i 
atClaii atm ni fifa^iaati af*w an 
faata aiti awi aa i atwi af^ia nUata 
a^afaaata at<^ atfaciT naatafawa 
tciacataj i nt^aitai aaia «tata <ianf 
faana fifa ara<.aT a«*afiatf aaa%«f 
<rai fatacaa i atit ariaiaifaati nataai 
tnafaf^i fi^ f^wa ail«rf« f 

atil^i ai utift Ufiiwi TOi 
^ti a*a# faa nfi fafa^ i a^ fawta 
afiatai aw in cataai faa laa lafa i 
fa«ta’ afSiati actal f^wa awn fi^ 
facafttaa f 





f^23,lfw|ir Ifl,lifippfl 1 -i 

^tfW iftwIW liSimi, 1973 


fth fiwrn nfiJIWl ^ 
fifif ^ifiwiCT 32 ir^ *r«r 
^il^i I nfiwi JiBrnfi iwit 
m f«t wtii ititfif iR?ii«rf W9 *r*tf 
ntTm nfw «rtli 'tfiti ^ 
nl^fw ntiicfi n«i*!^tnf^ 

»tn<t mHcw »ritf 
f tw n I 

1 . ^<nffCTI Itftf 
^nfwwi Mnfii Hwif 

^nh* *ru»iirf wt^t^u 
1972-73 »ift*ri miw nfifcfi ftftf 
ftfl^ *€ Htfif THC# ttfti 

ftfti P(‘«% nii ^cwi 

«ititf fw cn» ni xn\% *(tC*f •tfilWl"! 

>iiti ndi iftwtij 

•iftWl 

ntwtffw 

%Wl CTtltflitw 1972-73 iftwi fifif 
Un^ »! 1 T fn •fttf I (Iv 
‘iitu « •l&fti ^11^*73 

* 1 ^^ 111 ^htrt I) ^t|i tif, fipr 

f4?iw #ftii €fii nftJi 

Wl 


28W OIT^, 1973 
Wff 2ffK5-30ftl 
4l| fift •rfiltf• Hlf^tlt 

^tfi»Nri ^ftf t 

>rNwf trf« *mtn « Umtn* ndfi 

Wff<fi 

f^«r*rffnf ff ftf n^v,ijif*rti»*frif<fti 
« f^f^t’f nfist^l «fr« 

f^ftu ^<3ii few I nrwtii ^vrw 
« ftwtf' n^fti c^ fftn 

4fffif ntitfri f^f cf fteff 

ff«if ^teitfin flii- 

fw, fift enfff few I 

fifir Wf: fcf, wPwi 

f^f cftfti ^ff wtil 

f fw «%€ inesf^ cfW 

ftici iffl8 nrif wf 

nfi«f wff icfi^ flitifi •ififffi 
ftfti ftCfl intipn 

fff f^ffsf film W^C*tl ffiM 
nttifr f *!ftfir*rfi fw^i 

fUf I 

a. 

ff 1972-73 >Ttcni nitffi fffff- 
fwi^ f m (vtft*! ffl) •ifwcfi 
cfMtw ^nfiwftff cft« wt-nr *ffti 
^ItCTtfWf tf t*Wfnf f fill tfl%< 

ftifffit f^wrtw ftoni few I 

*ifrw fff i» f tf# 





^ « tftt* t 

^«nf cfWw ^fhi «tfkftfi fiftlt 

•fl’» « «if«rffi 

i-lum 1973-74 int«!f «v nQfCfi 

47f-4ft^ ^ 4fcfln9 >rvYirm 
wwhrwf ••*micMnwi 
ntcwti net Iv iif-fitw 

3. ffkn 

1973-74 ir nfitm 

’•tfvfl wiPfmwittlf « >ifTiCff 

^fltiw*rcOT 5?r« ^tf>rfi 
^»tw '•fwtfwi m9 9*Tffrn’» ffw 
wn »rft 

til «if5i#i nfiwi ^iji 

nfkVn f^fit •rnr « irtftM 
>IfWf W’fl *ltnn?W4 

f^4t1l4i 4fini »r»n t.i i 

#»i 

•ItriWfi HiRtftJiffli 
l|«»ffDW Cf4 
^CTHt^nr 

l| »n : 4W t n 

^tWfl 
%4TCinRt^ ^9 
%«4f?m wlHtfjti 

41 

Vf4fk>l #fltlf 


ifcitt Hi^ii iwntntffW 

mw 

1 lliftuiti 

2 , WTO 1*11 

3 , vilt 

4 . Cf 4 

5 , C44t%l 41 

6 .4l!l«14 1t 

7 .lltllftTO 

8 . imiWlfl *ftl 

9 , ffwirntf 14 

10 .4l4Wfi« 

11 •Itltftltn 

12 » TO 4*4^ 

13 , lllfflti C4r4 

14 « fllif4tl fH'l 

15 , wwtl lj[4t4t«tl 

4. f|i|tl-*|#IW¥ 

nflllfl f«f*l llftcii 1973-74 ltw« 
ftiti-n lilii 4>ft4ni vt ffiti-nflu 
(iftlf) nn ifficfi «5444 fliti-iltiif 
c4ir*i'|4r«1, niff fit nfi cft«. iiit^ 
lltf t44it44-<#4 4t4 Wf^i n <«« Itit 
l44lf8WC4 n I 

S. TO[ClllW3«^t f«4ffl 
ftlWH f44t4 *H4tW 
4tfii itffw ft4R4f4 « 

Ilt4f4^l llflfn IftHtCl HC4tft41 
«« filfilfH TO»I1 llltltWf ft4tt4 lltl 
141 

1 Mi 4W ic4Ht4Tl4 

2 .14t41[4!l fWH 

3 •lf«tltl TO 

4 * tMtff4fl Cltl 

5 , lltlWtl 4lllf•%! 



m 


' I 




•rtiicff ‘^wwi'iwhf '^IW^^ilpitii iBW 
WR cf, (hRw «ifli^f «! jfWw Rflr- 
<WCT %nPi« ^<tFt wrtwif 

*iftnfi »rim Rtfiw nfiwf 
▼twfi^f uniu^w m 

mmw f»f^ IfWcft tpn» Rtcit< 
iiRicfi «flhcff Rf%- 

cf^w* *i»iifit¥ RRrftffi ffiNtf 

wcv itRir R)R(fii »«i tfN 

f15Rt« f«Pi tiT:RH Rws*ni 

¥1, ly^f- 

•*Witf> iriln Iktowr^w 

iprtWtt #|jr *nit«t w 

w mm I nfKwrf mHfii cm 

mw w« ^ 

m nt>, fifw ft w»tcf <t Rtf^ 
fw ft I 'ifNtf I ftffii %mm 

ft %lfW Rt^i W 

RWffCft iwl*RWff fTfrrt RWfRi 

tWM 

RffRI CfW RlfWWTffff ftt RfPrnRI 

fUltitlttt Mtti ^ ijNNC* 


'n pPRWPl’iBPf * 
RllWfWi Wflft RtIWBWW'Rlfi 

HfMt wiffll W^Wt# wWff m* 

** * *• ' 

ttfStf• RtfR! • wf w^f 

uNt«« I ifm W^ili. ftprt 

tw R Rifwi m fhiff flw 
•He# f»ft Rfwtfft few \ 
ftiwcfi ftfft f^'ittfkrf fw 
•rcffi RtfAN f ftftff R Rfffrf^u ftfft 

f ^ tfi RTw cnt mm « 

•% 

M 

ms Rtcswlf fttf#^ ft: fff ft 
•ifrtf^ f^ftif 

fflfflf^f ffH ffRtf fftff 

•ftRMRffCfff 

RfPPWfR tfiRlf'fiiRrf • 
ft: Hwtfff ftf If fffW 
. tfftftfti ftiff 
^ %trftft«fff 
, iHWtfffti cftf 
, ^RtlCftf ffhff If 


_ _ 1 *.. , ’ , lff% ... r_ - '■— - 

? Riy fNify- 4 |( . t WlR»M it i9 t4 - 
•wfli fRi»< nfiwR Rit^f«f|Rf|i«lwRRf»ff«,tR‘«RFf 
W/7 RhlI#IR m fMfR #» RfW» 








